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THE ROCKET’S RED GLARE... 
WHO WILL HIRE YOU... 
MAKE YOUR SMALL HOUSE A HOME... 
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Harry M. Crooks, class of ’49, speaks from experience when he says: 


“At U.S. Steel there is a wide 
and varied choice of opportunities offered, 


under the most agreeable working conditions.” 


HE RAPID RISE of Harry M. Crooks 

to his present responsible position 
is typical of that experienced by 
many hundreds of college graduates 
who have joined forces with U. S. 
Steel. 

Presently Assistant Superintend- 
ent of the Power and Fuel Depart- 
ment, National Works, National 
Tube Division of United States 
Steel, Harry M. Crooks graduated in 
January, 1949 with a BS degree in 
Mechanical Engineering, after serv- 
ing three years in the U. S. Navy. He 
started with U.S. Steel on February 
1 as a student engineer. Within a 
year-and-a-half he was made Process 
Engineer in the Power and Fuel De- 
partment, and ten months after that, 
Power Engineer. 

After three years as Power Engi- 
neer, he was promoted on March 1, 
1954 to his present job as Assistant 
Superintendent, with a wide range of 
responsibilities, including all power 


and fuel utilities throughout the 
large National Works plant. This 
position includes supervision of mill 
and furnace air supplies for the steel- 
making process, steam and mixed 
gases for power, and open hearth oil 
and tar. In carrying out this work, he 
supervises a force of 250 men. 

Mr. Crooks decided to work at 
U.S. Steel because he felt that U. S. 
Steel had one of the finest training 
programs available in industry to- 
day. During his training, he arrived 
at the personal conclusion that, being 
an engineer, his best opportunities 
were in the operating branch of the 
steel industry. 


Quoting Mr. Crooks: “Through 
the training received at the mill, the 
engineer has the opportunity to work 
in and become acquainted with every 
phase of steelmaking and with every 
department of the plant.” 

If you are interested in a challeng- 
ing and rewarding career with United 
States Steel, and feel you can quali- 
fy, get in touch with your placement 
director for additional information. 
We shall be glad to send to you our 
informative booklet, Paths of Oppor- 
tunity, on request. Write to United 
States Steel, Personnel Division, 
Room 1662, 525 William Penn Place, 
Pittsburgh 30, Pennsylvania. 
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Be it a new jet aircraft, rockets, or guided missiles, the world 
looks to the air today. Many graduating seniors are taking posi- 
tions in the aircraft industry. It is to the Air Age that Techno- 


State Engineer, Oregon State Technical 
graph dedicates its final issue of the year. 


...on the engineer and national security 


“With our national security at stake, engineers have 
responsibilities greater than in any preceding age. They 
face two vital questions: What military posture will 
ensure greatest security? What means — what weapon 
systems — will provide the desired military posture? 
These questions cannot be answered in purely technical 
terms; in addition to those factors with which engineers 


are at home, social, political, strategic, tactical, and oper- 


ational factors must be considered. Today their influence 
on national policy decisions must be understood if we 
are to build and deploy a military capability that can 
deter war. In choosing weapon systems it is no longer 
enough to maximize speed, power, altitude, and payload. 
As more and more powerful weapons become attainable 
it is imperative that their use be increasingly determined 


by the real needs of our civilization.” 


mE. J. Barlow. Head of the Engineering Division 


THE RAND CORPORATION sAnTA MONICA, CALIFORNIA 


A nonprofit organization engaged in research on problems related to national security and the public interest 
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Viking rocket in place in gantry 
crane, recording breaking V-2 Wac 
in initial flight on opposite page. 
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: “... The rockets red glare, 
The bombs bursting in air, 
Gave proof through the night, 
That our flag was still there.” 


These lines, penned by the poet Fran- 
cis Scott Key in 1814 while the British 
fleet bombarded Baltimore, are inspiring 
testimony to the fact that rockets were 
used in warfare many years before their 
extensive use in World War II. The 
rockets mentioned in Mr. Key’s poem 
were, however, not the first war rockets. 
Long before the battle of Baltimore 
rockets were a major war weapon. 

The Chinese, in discovering gunpow- 
der, opened the door to rocket projec- 
tiles. Let us suppose a Chinese celebrant, 
filled with rice wine and carelessly hap- 
py, threw an open container of gun- 
powder into a fire. The powder ignited 
and the container shot across the 
ground, “pushed” by a stream of fire. 
Another container produced similar re- 
sults and an idea was born! 

The first Chinese rockets were, of 
course, extremely unpredictable in their 
path of flight. A long stick tied to the 
tube of gunpowder made the rocket 
somewhat more accurate, but the flight 
path remained for the most part erratic 
and uncontrolled. 


THE Rocket: 


As unpredictable as rockets were, they 
were used in war as early as 1232, when 
rockets attached to arrows caused many 
fires in the besieged city of Kai-Fung-Fu. 
Even more devasting was the demoral- 
ization of the enemy warriors by the 
flashing paths of fire and the ghostly 
swishing racket caused by the “devils of 
fire.” Kai-Fung-Fu capitulated. 

Since the Chinese rocket tubes were 
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For 700 years, rockets have intrigued man’s 


imagination. Today, he stands poised on 


the threshold of flight into space 


aboard these rockets. 


by Walter H. Holm, G. E. ‘58 


made of paper, they were small. India 
developed the Chinese idea and made 
rocket tubes of metal. Because of the 
metal tubes, the Indians were able to 
increase the size of the rocket and 
therefore its range. Their 10-pound 
rockets could travel one-half mile, but 
they were no more accurate than the 
smaller Chinese models. 

The Indians used rockets against the 
British in 1780, when Hyder Ali fired 
rockets in barrages of hundreds which, 
in effect, nullified the inaccuracy of the 
weapons and routed the British Army. 

William Congreve, a colonel of artil- 
lery, was present at the battlefront and 
saw a potentially formidable weapon in 
the fiery darts. Congreve experimented 
with rockets and put the “guiding” stick 
in the center of the tube with holes 
around the periphery for exhaust gases. 
He also made the rocket tubes larger, 
thereby increasing the range to one and 
a half miles. Congreve developed and 
installed an explosive warhead and built 
a standard launching tube mounted on a 
tripod. By 1806, the British Army had 
a rocket artillery corp. 

The Congreve rockets were very hea- 
vy and impossible to control. A member 
of the rocket artillery was not, by our 


led G 


standards, insurable. A launched rocket 
might go unerringly to its target, 
straight up into the air, down into the 
ground, or flutter back at the rocket 
launcher himself. Because of this hazard 
of uncontrolled flight, Congreve rockets 
were modified to carry incendiary war- 
heads instead of explosives. 

Rockets were, for many years, the 
major military weapon, subordinated by 
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THRUST 


Dr. Goddard’s rocket engine 


cannon. True, the rockets were inaccur- 
ate, but then so were the cannon of the 
time. Rockets were superior to cannon 
because of their much greater range and 
because, fired en masse, they caused more 
damage than cannon. 

The range of the rockets, though 
greater than existing cannon, was limited 
by the fuel which could be carried in the 
tube. And the size of the tube was limit- 
ed because of lack of manufacturing 
skill. In the early 1800’s rockets were 
solid fuel missiles which were subject to 
uneven burning, causing “hot spots” in 
the rocket tube. hese “hot spots’ were 
due to the non-hemogeneous mixture of 
gunpowder. Some parts of the powder 
would burn hotter than others, melting 
a hole in the side of the rocket tube. 
Gases escaping from the unpredicatable 
hole (or holes) were one of the major 


lare 


factors in the erratic performance of 
these solid fuel rockets. 

When the rifling of cannon was dis- 
covered, cannon became a great deal 
more accurate than rockets. At about 
the same time, developments in chemi- 
cal explosives afforded cannoneers great- 
er range than was previously possible. 
The new accuracy plus the longer range 

(Continued on Page 22) 
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(Continued from Page 21) 
of cannon soon put unreliable and inac- 
curate rockets out of the military lime- 
light. By 1900, rockets as a military 
weapon, were passe. 

In 1915, Dr. Robert H. Goddard 
wrote a paper dealing with the velocity 
at which gases are exhausted from a 
rocket tube. He also investigated the 
possibility of multi-stage rockets and the 
ration of fuel-to-payload of rockets. 


AIR 


GasoLiwe 


AEROBEE SPEEDS through the skies as rocket progress continues. Rockets 
have developed from fireworks to today’s missiles. 


were aimed toward space travel, began 
experiments with liquid fuel rockets. 
The first problem Dr. Goddard had 
was the design of a rocket engine. The 
design would seem to be relatively sim- 
ple, since rocket engines have no moving 
parts, and are, in fact, “explosion cham- 


. JRAUST 


THE V-1 ROCKET ENGINE looked like this 


Dr. Goddard computed that a rocket 
would need a velocity of seven miles per 
second to tear itself from the tenacious 
grasp of mother earth. Using solid fuels, 
a rocket could attain the seven-miles-per- 
second escape velocity, but at a fuel-to- 
payload ratio which would make an un- 
dertaking of this kind impossible. Four 
hundred tons of solid fuel would be 
needed to get one ton of payload off the 
earth. The one ton of payload would 
allow for only the weight of one human 
and his needs—food, oxygen and pres- 
surized quarters. The remainder of the 
ton payload would be scientific instru- 
ments and controls. Also included in the 
payload is the weight of the ship itself 
(anything that is not fuel is payload). 
Summing the situation: 


Crew and instruments: 1 ton 
Fuel: 400.0 tons 
Total 401 tons 


We already have our 400 tons of fuel 
for one ton of payload and we haven't 
even begun to build the container for all 
this weight—the ship! If we construct 
a ship that weighs one ton, we must have 
more fuel to life the added weight. At a 
fuel-to-payload ratio of 400:1 (mass ra- 
tio), we would be trying to carry 800 
tons of fuel in a ship that weighs one 
ton. 


In 1919 Dr. Goddard, whose ideas 
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bers.” The problem was what shape to 
make the chamber for most efhicient 
operation. Liquid oxygen and gasoline 
are ignited in the chamber. The force 
of the explosion is distributed in all 
directions. The gases escaping through 
the nozzle cause an unbalancing of the 
forces and the rocket moves to the left. 
A balloon, blown up and released, will 
produce essentially the same effect. The 
more rapidly gases are forced through 
the nozzle, the faster the rocket will go. 
The speed of the exhaust gases through 
the nozzle is called the jet velocity. 

In 1926, at Auburn, Massachusetts, 
Dr. Goddard’s liquid rocket took man’s 
first tiny step toward space. The small 
rocket went 184 feet in two and one-half 
seconds but, unfortunately, did not 
awaken any interest in rockets in the 
United States. 

Germany was interested, however, and 
in 1927 the Society for Space Ship Trav- 
el was founded. One member, Werner 
Von Braun, later became technical di- 
rector of Peenemunde, the spawning 
place of the Nazi V-2 rocket used in 
World War II. 

Dr. Goddard continued, unheralded 
and in private, to develop his liquid fuel 
rockets and increase the jet velocity of 
his engine. In 1930, Roswell, New Mex- 
ico was the scene of a 200-foot flight at 
a speed of 500 miles per hour. 


Now Dr. Goddard was confronted 
with a new problem. At speeds of 500 
miles per hour, the rockets were still 
flying uncontrolled. Some kind of device 
was needed to stabilize and control the 
rocket. Dr. Goddard experimented with 
stabilizing vanes which were thrust into 
the rocket blast by use of a gyroscope. 
Space travel was given real potential, 
when in 1935, Dr. Goddard’s gyroscop- 
ically-controlled rocket flew one and 
one-half miles. 


So, 725 years after the first rocket 
was fired in warfare, Dr. Goddard 
lighted the pathway into space. A small 
glow, indeed, when one lights one and 
one-half miles in a path that is billions 
of miles long. Today, from a scant one 
and one-half mile beginning, rockets 
have reached an altitude of 250 miles 
using the principles Dr. Goddard devel- 
oped. 


From one and one-half mile flights 
250 mile flights in twenty years. What 
further paths may be lighted in the next 
twenty years? 


During World War II, rocket re- 
search was accelerated (and sponsored ) 
by the various governments involved in 
the great conflict. The Germans were 
probably the furthest along with rocket 
research at Peenemunde, and had a fate- 
ful accident not taken place, they may 
have introduced the United States and 
Canada to the horrors of supersonic 
bombardment. 


In 1943, after the spring thaw in 
Europe, the underground got word to 
the Allies that a truck had crashed in a 
wooded area and that trees and foilage 
surrounding the truck wree covered with 
frost. The Allies knew the Germans 
were working on rockets. They also 
knew liquid oxygen (temperature—182° 
F.) was used as rocket fuel and could 
have caused the strange “‘frost.”” What 
Allied Intelligence did not know was 
where the research was being done. The 
underground was asked to discover the 
destination of the ill-fated truck. Days 
went by and G-2 fidgeted. Finally the 
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word came through. The wrecked truck 
was bound for—Peenemunde. Now the 
allies knew for certain what Germany 
was up to—and where. An air strike 
on Peenemunde completely demolished 
the rocket center, and even more im- 
portant, killed many of Germany’s finest 
rocket scientists. The Peenemunde raid 
set Germany back one year in rocket 
devolopment and probably altered the 
course of the war. 

With the V-2 project destroyed, the 
Germans turned to another missile type 
of weapon—the ‘buzz bomb” or V-1. 
The V-1 was not a true rocket because 
it did not carry its own supply of 
oxygen. 

The air intake vents were held down 
by strong springs. As the missile was 
catapulted, air and gas were forced into 
the firing chamber. A spark plug ignited 
the mixture and the explosion forced 
the vents closed. The unbalancing of 
forces (as in Dr. Goddard’s rocket 
motor) caused the missile to move. The 
burning mixture created a partial vac- 
uum which drew more gas into the 
chamber and the vents were pushed open 
by the air pressure. The mixture was 
then ignited and the cycle was repeated 
until the gasoline was exhausted, and 
the missile glided to earth. The inter- 
mittent explosions gave the V-I a “‘put- 
put” or “buzzing” sound; hence, the 
name, “buzz bomb.” The difficulty with 
the V-1 was, of course, where—and 
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CRATER FORMED BY V-2 WHICH STRUCK the earth intact without warhead 
blowoff. Luckily, this was an uninhabited location. 


when—would the missile strike. Destin- 
ations could be calculated by the Germ- 
ans, but were always subject to unpredic- 
table events—air density, winds chang- 
ing, a near miss by anti-aircraft guns 
knocking the missile off course, and be- 
ing shot down by aircraft. The V-1 did 
not travel at supersonic speeds. V-1’s 
could be—and were—shot down by air- 
craft and anti-aircraft. Hundreds of 
V-1’s were shot down over the English 
channel. Hundreds more went off course 
and landed in open fields and in the sea. 
The “buzz” of the V-1 was familiar to 
most civilians and military personnel 
both in France and Britain. The most 
terrifying sound was not, however, the 
“buzz” of the V-1. When the “buzz” 
stopped the V-1 was earth-bound. 


“Round and round it goes, 

And where it stops, nobody knows.” 
That was the morale-shaking design of 
the V-1—it was impossible to tell where 
the ton of T.N.T. would fall after the 
engine stopped. 

When the Germans finally got the 
V-2 into production, they began a bom- 
bardment of terror designed to break the 
back of the British. V-1’s could be seen, 
tracked and, in many cases, shot down. 
The V-2 could not be seen, tracked, shot 
down or heard. The V-2 was, and is, a 


true rocket. The Germans fired the huge 
rockets to an altitude of 60-70 miles. 
The V-2 would describe a great arc and 
fall to earth—almost straight down. By 
the time the V-2 hit the ground it would 
be traveling one mile per second, almost 
five times the speed of sound. The V-2 
was never heard until five seconds after 
the missile exploded at ground level. A 
man might be walking down the street, 
let’s say, in London. A block ahead he 
would see buildings and earth erupt in 
a cloud of smoke and dust. The noise of 
the explosion would reach his ears, and 
five seconds later he would hear the V-2 
screaming earthward. Not until he heard 
the sound of the V-2 would he have any 
idea what caused the explosion. The 
object of the V-2 was to break British 
morale, but ironically, because of the 
tremendous speeds attained by the rock- 
et, people began to almost ignore it. “If 
’y can’t see it, and ’y can’t ’ear it, what’s 
the ’ells the use of worryin’ about it?” 
was the attitude of some. Another grim 
attitude was, ‘When you ’ears it, you've 
been dead for five seconds anyway, so 
why try to listen for it?’ This calm 
acceptance of an unpleasant fact was one 
reason why the German V-2 did not 
have the panic-creating effect the Germ- 
(Continued on Page 24) 
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FUTURE OF THE ROCKET 


(Continued from Page 23) 
ans sought. Another reason for the rela- 
tive ineffectiveness of the V-2 was its 
extreme lack of accuracy. V-2’s fell on 
London, yes, but many V-2’s fell into 
the sea, on Scotland, and even into 
northern Norway and Sweden. With the 
eventual obliteration of Germany’s in- 
dustry by allied air power, the V-I and 
V-2 ceased to be tactical or psychologi- 
cal weapons. In fact, the V-1 and V-2 
ceased to exist as a weapon at all. 

After the war, V-2 and V-1 missiles 
were captured by the Allies. Completely 
built, sleek, ready to be launched, the 
missiles lay immobile, unable to fly be- 
cause of lack of fuel, launching sites and 
manpower to launch them. Many V-1’s 
and V-2’s were brought to America at 
the end of World War II in the hope 
that the United States could learn from 
the progress the Germans made in mis- 
sile development. And learn we did— 
American scientists were amazed at the 
advances the Germans had made—espec- 
ially the progress in rocket flight. 

Captured V-2’s loaded with cameras 
and recording instruments took the first 
pictures of the earth’s curvature, investi- 
gated cosmic ray penetration and 


strength at previously unheard of alti- 
tudes. Better control devices were de- 
veloped and the new store of knowledge 
increased in volume. From the V-2 
(which, incidentally, used the principles 
Dr. Goddard developed) sprung the 
Aerobee, the Viking and the Wac Cor- 
poral. 

With the coming of the Wac Corpor- 
al a new step into space was taken— 
multistage rockets. Recently, a Wac 
Corporal, attached to a V-1, reached an 
altitude of 250 miles. The two stage 
rocket was fired to a height of 20 miles 
using only the V-2 fuel. At 20 miles, 
the Wac Corporal, given the impetus 
and altitude of the V-2 as a starting 
point, fired—and achieved a record 250 
miles above earth before falling back. 

For the first time in man’s history, he 
can look to the stars as his goal. There 
was an end to the frontier of the old 
West. There is an end to the Antartic 
frontier in the frozen wastes. There is, 
as far as man’s thimble-full of informa- 
tion about the universe can determine, no 
end to the frontier of space. 


So it is that man will try—and suc- 
ceed — in lifting himself from mother 
earth and explire the universe. Of 


course, the maturing lad we call man- 
kind will not just step light years away 
from mother earth. He will first have to 
explore the small back yard that is our 
planetary system, perhaps taking his first 
halting steps on the back porch that he 
calls the moon. If the journey to the 
back porch becomes too difficult to make, 
he may use a wagon called the earth 
satellite to help him. 

Scientists are building the wagon man 
may use for the beginning of his journey. 
The earth satellite will orbit about the 
earth in time for the 1957-58 Geophysi- 
cal Year and will answer questions 
which could only be speculated on from 
our restricted view under the earth’s 


_ blanket of air. 


Once mankind has learned about his 
backyard and how to get around in it 
he will undoubtedly want to go across 
the street to the stars. As yet, mother 
earth will not let him make that journey, 
but remember, mankind is only matur- 
ing—not matured. Some day man will 
“come of age” and take the big step— 
away from home! 

Even as you read this article. the men 
at White Sands, New Mexico are striv- 
ing to beat the 250 mile record. And 
they will go higher than 250 miles. The 
question is no longer, “Can we do it?” 
Now the question is, “When will we de 
it?” 


STEAM 
AND THE WORLD’S 
LARGEST BAKERY 


This new boiler plant at Nabisco’s huge 
Chicago bakery was planned to provide, 
efficiently and economically, the steam 
that the bakery must have on tap at all 
times for heat, hot water and various 
processing operations. 

Because the reliability, efficiency and 
economy of its steam source are so vital 
to this world-famous company, they 
selected B&W boilers. 

Think a moment of most companies’ 
use of steam—and its cost. Take a fast 
turn around a boiler plant. Spend a 
little time chatting—perhaps quite prof- 
itably—with engineers. Get the facts on 
a company’s invested steam dollars in 
relation to the return they’re getting. If 
the facts add up to problems, B&W en- 
gineers can and will help industrial com- 
panies and their consulting engineers 
solve these problems. 

When a B&W boiler is chosen, long- 
range performance is assured. And isn’t 
that what the buyer really wants? Not the 
boiler but its end product, the steam, 
and the assurance of an efficient, de- 
pendable, economical steam source. The 
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service records of thousands of B&W 
boilers, in thousands of large, small and 
medium sized industrial and _ utility 
plants, supply that assurance. 

The Babcock & Wilcox Company, 
Boiler Division, 161 East 42nd Street, 
New York 17, N. Y. 
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How to make the most 


of ‘your engineering career 
ONE OF A SERIES 


go where engineering 


18 in tere S tin It’s basic that you’ll get more fun 


out of working on interesting 
projects than on stodgy ones. So it makes 
sense to choose a company and an industry 
in which you'll draw engineering assignments 
that give you excitement—and professional 
satisfaction. That way, you'll get more fun 


out of life, and advance faster, too. 


It just so happens that Boeing offers you 
assignments on some of the most interesting 
projects in the country. For instance—an 
advanced supersonic guided missile weapon 
system; the 707, America’s first jet transport; 
the revolutionary B-52 eight-jet nuclear 
weapons carrier; the KC-135 jet transport- 


tanker, and top-secret research projects. 


There’s a whole world of opportunity for you 
at Boeing, in research, design, manufacturing 
or service. Boeing’s growth (400% more 
engineers today than 10 years ago) creates 

an expanding need—and long-range 
opportunities—for engineers of all kinds: 
electrical, mechanical, civil, aeronautical, 
industrial, or related fields, and for 


mathematicians and physicists. 


At Boeing you'll enjoy high starting salaries, 
career stability, retirement and pension plans, 
company-paid opportunities for graduate 
study, and a host of additional benefits! 


NOW is the time to start planning ahead. 
Consult your Placement Office, or write: 


JOHN C. SANDERS, 
Engineering Personnel Administrator 
Boeing Airplane Co., Seattle 24, Washington 


FRED B. WALLACE, 
Chief Personnel Engineer 
Boeing Airplane Co., Wichita 1, Kansas 


SBOE AN ls 


Aviation leadership since 1916 


Seattle ,Washington Wichita, Kansas Melbourne, Florida 
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John Grimes speaks to Mrs. Pauline 
Chapman to get details on inter- 


viewing companies of his choice. 


Who will Hire You? 


Bureau. A trip to 109 Civil Engineering Hall 


| Meet Mrs. Pauline Chapman and the Engineering Placement 


will help you get a job. 


by Pat Gaginidze, G. E. ‘58 


BOB ELLIOTT, RAY GOULD, Sam Parks and Ron Kline check data on com- 
panies scheduled to hold interviews on campus. 
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The job horizon of the graduating 
engineer has changed radically since 
World War II. Before the war, an en- 
gineering graduate saw before him an 
array of companies who could, and did, 
sit and wait for him to come to them. 
He generally went to work for the first 
company to offer him a_ position and 
stayed with that company. The under- 
graduate engineering student had no 
outlook. 

Since then, the expansion of techni- 
cal fields in all directions, the opening 
of new fields, and the feverish pace of 
research and development brought on by 
the world political situation have all 
created new positions for engineers in 
large numbers. The situation has reached 
the point where our country’s education- 
al facilities for technical training have 
been completely swamped. The United 
States now lacks some 60,000 engineers 
and the shortage is growing worse. Such 
a situation will of necessity change the 
attitude of industries toward the gradu- 
ating engineer. The University of Illi- 
nois Engineering Placement Bureau is 
an outgrowth of that change in attitude. 

This semester, some 700 companies 
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signing up for a definite time. 


needing engineering and scientific grad- 
uates have contacted the Placement Bu- 
reau requesting interview space. There 
are 670 graduating engineers. The full 
picture is made worse—or better, de- 
pending on your outlook—by the fact 
that these companies did not ceme to 
U. of I. to hire just one engineer. Many 
are looking for four or five graduates 
from each branch of the Engineering 
School. The companies are also looking 
for undergraduates for summer work, 
partially in an attempt to interest these 
less advanced students in later perma- 
nent positions and partially to fill the 
gaps in their ranks. 

The Placement Bureau itself is situ- 
ated in a newly remodelled office in one 
corner of Civil Engineering Hall. It is 
a busy place, crowded with industrial 
representatives and students, and the 
small staff is hard put for both time 
and space to cope with the needs of the 
volumes of people who utilize their serv- 
ices each semester. The interview fa- 
cilities consist of eight small rooms in 
the office itself and, for larger groups, 
rooms in the Mechanical Engineering 
Building and the Illini Union. Along 
most of the wallspace of the office are 
racks for company brochures, newslet- 
ters and interview schedules. The stu- 
dent’s part of the task is to choose the 
companies he wishes to interview, select 
his interview time from available time 
in the schedule books, and meet with the 
company representatives. General prac- 
tice among the larger companies these 
days is to present the student with an 
overall picture of the company in the 
first interview. If the general offer in- 
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FRANK PARKS AND TOM LEHRER look over interview schedules prior to 


_ 


terests the student, a trip to the plant is 
arranged, where the student meets de- 
partment representatives who explain the 
specific aims and requirements of their 
departments. Salary offers may be made 
during either the initial interview or the 
inspection trip. The student will also 
have to provide scholastic, extracurricu- 
lar, and background information and 
may be required to take some classifica- 
tion tests. 


The Placement Bureau’s job is that 
of arranging the original meeting ground 
for representative and student. This is 
more difhcult than it sounds, as illus- 
trated by the fact that interviewing fa- 
cilities for the first semester °57-'58 are 
already spoken for, with an average of 
fourteen companies scheduled per day. 
Pauline Chapman, the head of the Place- 
ment Bureau, admittedly likes her job 
and does it very well. In addition to 
running the regular interviewing facili- 
ties, Miss Chapman helps companies 
looking for men with specific training or 
experience and men with such experi- 
ence to get together, gathers statistics 
on the recent graduates, and maintains a 
general picture of the engineering em- 
ployment scene. 

Miss Chapman herself is a pleasant, 
efficient person who manages to find 
time for all the facets of her job—that 
of finding jobs for others. She very 
graciously took time from her work to 
explain the operation of the Bureau 
and arranged an interview for the Tech- 
nograph representative with a two-man 
interview team from a large company. 
She also provided the photographs and 
tables of statistics for this article. 


The graduating student considers 
many things in his choice of a company. 
He is choosing not only a company, but 
in most cases a part of the country 
and a way of life. If he plans marriage 
shortly after graduation or is already 
married and perhaps has one or two 
young children, he has even more fac- 
tors to consider. Industries realize this, 
and their offers include explanations of 
salary, company policies, fringe bene- 
fits, Opportunities for advancement, job 
security, and living conditions in the 
area of the plant. The tables on these 
pages show what last semester’s gradu- 
ates considered as deciding factors in 
their employment choices, what their 
choices were, their starting salaries, and 
geographic locations. 


Favorable though the employment pic- 
ture may be, the companies that will 
one day hire you are not accepting every- 
one who clutches a sheepskin. A good 
record and a favorable impression are 
still required. The record, incidental- 
ly, includes not only scholastic achieve- 
ments, but extracurricular activities as 
well. Engineers are human beings, and 
industry prefers well-rounded individ- 
uals to completely one-sided geniuses. 
There can be good reasons for a merely 
fair scholastic average if the student 
works, spends some time in outside ac- 
tivities, or participates in sports. A good, 
though not necessarily brilliant, scho- 
lastic record, a well-rounded personality, 
and background of activities are the pre- 
requisites. Miss Chapman and her staff 
provide the meeting place. The indus- 
trial representatives are eager to show 
you the way toa good job and, they 
hope, a career with their firms. It’s up 
to you to take it from there. 


At last, the interview. 
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Seniors—*750 a Head 


Reprinted by Special Permission from 
March, 1957, issue of Fortune Maga- 
zine, (C) 1957 by Time, Inc. 


Early one Monday morning a few 
weeks ago, a young General Electric 
engineer named Robert G. Rescorla 
squeezed himself behind a small desk in 
a bare, cell-like room put at his disposal 
by the student-placement bureau of 
Michigan State University in East Lan- 
sing, Mich. Rescorla, who graduated 
from Michigan State in 1950, is now in 
charge of advanced product engineering 
at G.E.’s Hermetic Motor Dept., in 
Holland, Mich. Like several hundred 
other G.E. employees who are tapped 
each year for such service, he was visiting 
his alma mater as a recruiting agent for 
General Electric. 


For a few moments Rescorla glanced 
through the contents of a folder that he 
had picked up at the university place- 
ment bureau down the hall. Among the 
papers in the folder was a list of 11 en- 
gineering students, all members of the 
class of 1957, who had signed up for 
thirty-minute interviews with G.E. and 
had been assigned to him. The folder 
also contained information sheets for 
each student, giving biographical data, 
academic grades, and special evaluations 
called Confidential Faculty Rating Pro- 
files. In addition, the placement bureau 
had provided Rescorla with a badge, a 


wedge-shaped piece of cardboard on 
which was printed in large letters: 
28 


in scientific recruiting. 


by Spencer Klaw 


HELLO, MY NAME IS 
Rescorla filled in the blank with ine 


name and company affiliation, inserted 
the card in the breast pocket of his 
jacket, from which it protruded like a 
handkerchief, and telephoned the place- 
ment-bureau receptionist to send in his 
first student, an electrical engineer. The 
student’s first name was Russell, and 
after hanging up the phone Rescorla 
rose to his feet and said quietly to him- 
self, as if rehearsing, ‘Russell .. . Russ.” 

A moment later a thin young man with 
a blond crew cut was standing in the 
door, and Rescorla was grasping him by 
the hand and booming heartily, “Hello, 
Russ, my name is Bob Rescorla. Come in 
and sit down.” 

At about the same time, similar greet- 
ings were being extended in other cubi- 
cles at Michigan State—and in cubicles 
at hundreds of other colleges. Each year 
the competition for high-grade college- 
trained manpower gets sharper, and by 
midwinter the annual recruiting season 
is nearing its peak. In 1957 an estimated 
3,500 companies will have recruiting 
agents in the field competing for the 
services of some 350,000 college seniors. 
The actual interview at which the re- 
cruiter and his quarry meet face to face 
is no isolated event; it is a link in a 
long chain of events calculated to per- 
suade students that their future lies with 
General Electric, General Motors, or 
whatever company the recruiter repre- 
sents. Recruiting, indeed, is developing 
its own technology and some corpora- 


Two days on the Michigan State University campus with 


a General Electric task force: A study 


tions are applying it with awe-inspiring 
efficiency. 


A Recruiter’s Recruiter 


The recruiting apparatus developed 
by G.E. is particularly advanced in de- 
sign, and its workings were clearly vis- 
ible ane the recent visit paid to Mich- 
igan State by a six-man recruiting team, 
of which Robert Rescorla was one mem- 
ber. The team, or task force, was headed 
by a full-time professional — recruiter 
named Donald E. Irwin. Irwin is a tall 
pleasant-looking man in his middle for- 
ties whose conversation, in which aca- 
demic and business shop talk are closely 
mingled, suggests that of a business 
school dean. He is a graduate of Union 
College in Schenectady, N.Y., and he 
went to work for G.E. in 1942 as a test 
engineer. Later he became a_ personnel 
manager, and since 1952, when the com- 
pany’s program for recruiting technical 
personnel was put more or less on its 
present footing, he has been a full-time 
recruiter. Irwin’s headquarters are in 
Schenectady, and his academic beat, or 
territory, consists of 33 colleges and uni- 
versities, mainly in the Midwest, includ- 
ing Purdue, Carnegie Tech, Ohio State, 
and the University of Illinois. 

Irwin is one of seven Regional Man- 
agers of Engineering Recruiting, who 
this year will coordinate the recruiting of 
about 1,200 young scientists and engi- 
neers for G.E. To get them on the pay- 
roll will cost G.E. about $750 a head 


in direct recruiting costs; it will mean 
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interviewing over 10,000 prospects or 
about one out of every three college 
seniors graduating with bachelor’s de- 
grees in those technical fields in which 
the company is interested. G.E. will also 
interview about 5,000 seniors in non- 
technical fields, and hire about 600. 


Planning the Campaign 


Irwin’s preparations for the Michigan 
State trip began more than a year ago. 
The facilities of the Michigan State 
placement bureau, which will arrange 
interviewing schedules this year for 
nearly a thousand companies, have to be 
spoken for well ahead of time. (The 
pressure will be somewhat eased next 
year when the placement bureau _ is 
moved to new and larger quarters. Fa- 
cilities will include showers for visiting 
recruiters.) Accordingly, in February, 
1956, Irwin wrote to the placement bur- 
eau to reserve interviewing rooms for 
two days in the latter part of January, 
1957, and was assigned Monday and 
Tuesday, Jan. 21 and 22. Last fall, 


Irwin began lining up his team of inter- 
viewers. He requested, and got, five 


men, three of them Michigan State 


~ alumni and four of them located at Mid- 
western G.E. plants where they would 


person any job offers made. 


be in a good position to follow up in 


(“Each 


_ offeree,’ G.E.’s recruiting manual states, 


“Is aggressively followed up in some 


manner after the interview, such as plant 
visit, reinterview on campus, call-back 


dinner, mailing of brochures, literature, 
etc. These mechanisms can be used to do 


the real selling job...) 


11 Engineers 


Total Graduates 
Employed 


ee 7 P7600 
4 ; 


Aero. E. 8 
Ag. E. il 2 
Civil E. 10 
E. E. 20 
Gen. E. 6 
Ind. E. 4 
M. E. 20 
Met. E. ab 
Min. E. 

San. E. 2 


Then, in December, Irwin shipped off 
to East Lansing, for distribution by the 
placement bureau, a stack of brochures, 
bearing six different titles in all, de- 
scribing G.E. training programs for en- 
gineers an dscientists. At about the same 
time he asked the G.E. representative in 
Lansing to arrange a dinner at which 
the recruiting team would play host to 
members of the Michigan State faculty. 

On Monday morning, Jan. 21, Ir- 
win’s team moved into action. By ten 
minutes of nine, Irwin had deployed his 
recruiters in their assigned cubicles in 
Morrill Hall, a gloomy brick building 
where the Michigan State placement 
bureau is located. Recruiters for six 
other companies—among them Owens- 
Illinois, Shell Oil, and Hughes Aircraft 
—were also on hand, and the bureau’s 
small reception room was already crowd- 
ed with students waiting for interviews. 
Some were sitting on a long wooden 
bench facing a poster that urged them to 
make sure that their hair was combed, 
their ties straight, their shoes shined, 
and their suits pressed and that exhorted 
them to be themselves during interviews. 

Irwin himself was not taking a full 
schedule for interviews, but planned to 
stand by to help out if members of the 
team ran into questions they couldn’t 
answer. Of the four team members act- 
ually scheduled for interviewing duty on 
Monday, Robert Rescorla was assigned 
to interview students interested in G.E.’s 
basic engineering program, the largest in 
terms of enrollment of all the training 
courses for which the company recruits 
engineers and scientists. This is the way 
his morning went: 


Average Salary 


Non-Vetere: 


590.00 


Hich Salary 


Veteran 


Meet Russ Jones 


After seating his first student, who 
will be called Russell Jones (real names 
of students have not been used in this 
article), Rescorla asked for his Person- 
nel Data Sheet, an application form the 
G.E. requests students to fill out before 
being interviewed. Jones handed it over, 
and in response to questions from Res- 
corla he said that he was interested in 
research and development work, possibly 
in the guided-missile field; that his 
grades averaged a little better than 
straight B’s; that he was considering 
taking graduate courses in engineering, 
but first wanted to hold a full-time job 
for a year; that he belonged to two 
engineering fraternities, Tau Beta Pi 
and Eta Kappa Nu; and that he had 
worked the previous summer for Dow 
Corning on a project involving high- 
voltage insulating materials. 

Rescorla asked if Dow Corning had 
offered him a permanent job after grad- 
uation. “Well,” Jones said, “they told us 
not to accept any offer until we'd talked 
to them again.” He added that Dow 
Corning had given him, in addition to 
his salary on the summer job, a $600 
scholarship to cover tuition and books in 
his final year at college. 


This revelation did not appear to dis- 
courage Rescorla, who leaned forward 
across the tiny desk at which he was sit- 
ting and began to talk persuasively about 
the advantages of G.E.’s training pro- 
gram for engineers. He spoke of fitting 
the man to the job, and said the train- 
ing program was a mutual education 


Low Salary 


Non-Veteran] Veteran Non-Veteran 


365.00 
615.00 495.00 475.00 
440.00 475.00 410.00 
550.00 410.00 400.00 
520.00 373.00 365.00 
460.00 450.00 400.00 
450.00 450.00 440.00 
540.00 425.00 373.00 
450.00 490.00 450.00 

475.00 

449.00 400.00 40.00 


BREAKDOWN OF STARTING SALARIES offered UI engineering grads in various fields, differentiated by veteran 


and non-vet status of graduate. 
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SALARY RANG 


Vet. 


Coen E| 


PMA MDRPERU 


REASONS GIVEN 


ist. Cho 
1. Location 46 
2. Type of work 28 
3. Salary 8 
4. Opportunity for advancement 18 
5. Worked summers for the co. als} 
6. Company reputation 9) 
7. Experience with co. other than 
summer 6 
8. Growing and progressive co. a 
9. Attitude of compariy personnel 2 
1Q0. Possibility.of draft deferment 3 
ll. Type of 1 company 2 
12. Interest in graduate work $3 
13. Small company 1 
14. Plant facilities & working con- 
ditions 
15. Foreign student - in U.S. for l yr. 1 
16. Wife still in school al 
DS(ce OC CURUGY, al 
18. Opinion of others 
19. Company personnel policies 


SALARY RANGES IN GREATER detail 


Vet. Non-Vet| Vet. Non-Vet. 


) PRP RPP PRP RPRPHEPR 


RNS) ad 
FOR ACCEPTING POSITIONS 
ice end. Choice 3rd Choice 
30 6 
28 8 
ak 14 : 
a 2 
al, 
3 2 
ey 
3 
2 2 
at 
1 
ib 
2 
c a 


ine) 


and reasons given for accepting posi- 


tions by Feb. 1957, Ul engineering grads. 


process — “We learn about you, you 
learn about us.” Young engineers, he 
said, have a good deal to say about 
selection of their own work assignments, 
each of which last three months. “You'd 
probably want to take three or four as- 
signments before accepting a permanent 
job with one of the operating depart- 
ments, Rescorla added. “It would give 
you time to really look around.” Res- 
corla said that G.E.’s basic starting sal- 
ary for engineers was $435 a month, 
but than an additional allowance for 
work experience, specifically, for Jones 
summer job with Dow Corning—might 
raise this figure to somewhere near $450 
if G.E. should make Jones a formal 
offer. 

Rescorla asked if Jones had any ques- 
tions. Jones said he was wondering about 
living expenses and housing for G.E. 
trainees who are being shifted about 
from one assignment to another. Rescor- 
la said of course trainees pay their own 
room and board, “But we have people 
to help you find housing,” he said, 
“Sometimes a single fellow like you will 
get together with a bunch of fellows and 
rent or buy a house. When one fellow 
moves out, there’s usually another one 
ready to move right in. It’s something 
like fraternity living.” 

Rescorla then said the Jones would 
be receiving a formal, written job offer 


30 


from G.E. within three weeks, and that 
if he had any questions bothering him 
he should feel free just to pick up the 
phone and call Rescorla collect at the 
G.E. plant in Holland, Mich. Rescorla 
wrote his name and phone number on a 
piece of paper, and handed it to Jones, 
adding; “In any event, I'll contact you 
again.” Jones said diffidently that he 
thought he would investigate a few oth- 
er job possibilities before making up his 
mind. Rescorla said that was fine, that 
was what G.E. wanted him to do. Jones 
said goodbye and life. 


How About Pensions? 


During the morning, Rescorla_ inter- 
viewed four more students. He made one 
student a definite job offer and_ told 
another—a twenty-seven-year-old Navy 
veteran with a wife and two children— 
that while he was a little old for any of 
the G.E. training programs, he would 
probably be hearing in due course from 
one of G.E.’s operating departments. 
None of the students Rescorla inter- 
viewed showed much curiosity—in their 
questions, at any rate—about the basic 
conditions and opportunities of engineer- 
ing work in a huge company like G.E. 
Instead, they asked about pension plans, 
allowances for company employes moved 
from one G.E. plant to another, and the 
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relative costs of renting a two-bedroom 
house or apartment in various localities 
where G.E. plants are located. (Irwin 
later pointed out that by the time a stu- 
dent signs up for an interview with a 
G.E. recruiter, he has usually made up 
his mind already that he wants to work 
for a big company; and that having made 
this basic decision, he is understandably 
concerned with marginal difference, even 
in matters like retirement plans, between 
one big company and another. 


One student sneered politely when 
Rescorla mentioned G.E.’s basic start- 
ing salary for engineers for $436 a 
month. He said that between high school 
and college he had earned $460 a month 
as a draftsman and didn’t see why he 
should go to work as an engineer for 
less money. Rsecorla pointed out that 
in the long run engineers earn more 
than draftsmen, but did not offer this 
particular interviewee an opportunity to 
do so on G.E.’s payroll. 


In the Academic Heartland 


Early Monday afternoon Irwin left 
Morrill Hall, where his recruiters were 
hard at work in their interviewing 
rooms, and headed across campus for 
the College of Engineering. His plan 
was to drop in on faculty acquaintances 
who would not, for one reason or an- 
other, be attending the dinner G.E. was 
giving that night for members of the 
Michigan State faculty. Getting on 
friendly terms with faculty people is, 
of course, an important part of a re- 
cruiter’s mission, and in this branch of 
their work Irwin and his colleagues get 
valuable guidance from a special ‘“Engi- 
neering and Science College Directory,” 
compiled by G. E. Among other things, 
the directory shows the size and nature 
of any grants made to a college from 
G.E. funds and lists the names of any 
faculty members who have ever been 
retained by G.E. as consultants, or who 
have been guests at G.E.-sponsored con- 
ferences or symposia. 


The first few offices Irwin tried were 
empty, but after several elevator trips 
and a lot of tramping up and down cor- 
ridors he located the head of the Elec- 
trical Engineering Dept., Prof. Ira B. 
Baccus. Baccus greeted Irwin warmly 
and asked him to sit down. The two 
men chatted as some length about G.E. 
scholarships, trends in engineering edu- 
cation, and recent changes in the cur- 
riculum and faculty of Michigan State’s 
College of Engineering. (““Your school 
is certainly getting a good reputation,” 
Irwin said. Irwin then described a new 
G. E. summer job program for young 
engineering teachers, one of whose fea- 
tures is a special away-from-home liv- 
ing allowance. “We definitely want 
Michigan State in this program, Ira,” 
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Irwin said. “I wish you'd give some 
thought to finding a good candidate.” 

When Irwin returned to Morrill 
Hall, his recruiters had almost finished 
their day’s interviewing, and soon after- 
ward the group went back to its hotel. 
One by one, the members of the team 
reported to Irwin, giving him the re- 
sults of their efforts, and asking his ad- 
vice on boderline prospects. When all 
the returns were in, and the doubtful 
cases had been resolved, it turned out 
that 16 of the 45 students interviewed 
were listed to receive formal offers to 
join one of the company’s training pro- 
grams. The names and qualifications of 
an additional eight students would be 
referred to individual operating depart- 
ments and considered for so-called di- 
rect-placement offers. Of these eight, 
Irwin figured that perhaps four would 
actually be offered jobs. All in all, he 
told Rescorla, it had been a fairly good 
day. 


A Feast of Friendship 


Monday night’s dinner for faculty 
members was held in a small banquet 
room on the second floor of the Michi- 
gan State student-union building. “wen- 
ty members of the College of Engineer- 
ing faculty—plus an associate professor 
of journalism who until recently had 
handled technical publicity for G.E.— 
showed up there around 6:30 p.m. and 
shortly afterward, cocktails not being on 
the agenda, the assembled company sat 
down to a dinner of shrimp, steak, salad, 
and strawberry chiffon pie. During the 
dessert course, Irwin moved slowly 
around the horseshoe-shaped table, stop- 
ping to speak briefly with each of the 
faculty guests. Then when cigars had 
been passed, he stood up by his own 
place and said, ‘Gentlemen, will you 
listen to me for a minute?’ He added 
jovially, ‘““That’s the penalty you have 
to pay for coming.” 


TYPE OF COMPANY 


Aircraft & Missile 32 «= 22, 86% 
Electronic, Radio & T.V. 21 15.00% 
Light Manufacturing iy = 12 ahs 
Federal, State & City 

Government 15 10.71% 
Public Utilities ak 7.86% 
Consulting Engineers, 

Architect, Contractors 

& Construction g 6.43% 
Heavy Manufacturing 9 6.43% 

Basic Metals 6 4.28% 

(Steel, Alum. etc.) 

Research Laboratories 5 3.58% 

Oil 5) 3.58% 

Automobile 3 2.14% 

Rubber 2 1.43% 

Printing 2 1.43% 

Schools & Colleges i .71% 

Railroads il -71% 

Food & Chemical -71% 


Types of companies employing ‘57 
UI grads. 


MAY, 1957 


Irwin spoke of the many ties linking 
G.E. and MSU. He ticked off by name 
those faculty members present who at 
one time or another had been retained 
by G.E. and noted that 170 MSU alum- 
ni, including Arthur F. Vinson, ’29, 
G.E.’s vice president for Manufacturing 
Services, are now working for G.E. 
Irwin next touched on some of the 
things G.E. does to help out education- 
al institutions. He mentioned the com- 
pany’s policy of helping colleges to pay 
for certain types of laboratory equip- 
ment; referred to G.E.’s practice of 
matching, dollar for dollar, alumni-fund 
contributions made by G.E. employees 
(up to $1,000 per year per employee) ; 
and outlined the new summer-jobs-for- 
young teachers plan he had discussed 
with Baccus earlier in the day. Irwin 
said that if any of the faculty people 
present were interested in this program 
he would be happy to talk about it in- 
dividually. “As the years go on,” he 
said in closing, “we see industry and 
education getting ever closer.” 


The Old Company Spirit 


Irwin then threw the meeting open 
to questions. One of the faculty guests 
raised a technical point about the new 
summer-jobs plan, and another inquired 
about year-long jobs at G.E. for profes- 
sors on sabbatical leave. When the guests 
appeared to have about run out of ques- 
tions, one of the G.E. recruiters, a 1947 
MSU graduate named S. Roger Cessna 
spoke up. Cessna is now an administra- 
tive engineer in G.E.’s Capacitor Dept. 
at Hudson Falls, N.Y. He said he just 
wanted to say how happy he was to be 
back at MSU and to let everyone know 
that he was just as proud of the com- 
pany for which he worked as he was of 
the great university from which he had 
graduated. On this note the meeting 
came to an end. 


Fun With Capacitors 


On Tuesday morning Irwin and his 
task force returned to Morrill Hall for 
their second day’s interviewing. “The 
decor of the bureau’s reception room 
have been noticeably brightened by the 
addition of large bouquets of flowers— 
gifts, it turned out, from Irwin to fe- 
male members of the bureau’s staff. “A 
lot of the industrial representatives give 
them candy,” Irwin points out, “but the 
girls get so much that I kind of lean 
to flowers.” This morning most of the 
students interested in G.E.’s basic engi- 
neering training program—the company 
has training programs for technical grad- 
uates in manufacturing physics, chemical- 
metallurgical engineering, and technical 
marketing, were being interviewed by 
Cessna. Cessna, a particularly hard-sell- 
ing member of the G.E. team, had 
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brought with him to Michigan State an 
attache case filled with sample capaci- 
tors and with devices in which G.E. ca- 
pacitors are used. He spread these ob- 
jects on his desk and used them as con- 
versation pieces to break the ice in his 
interviews. 


It should have been a discouraging 
morning for Cessna. Of the seven men 
he interviewed, only one seemed a likely 
prospect; most of the others had marks 
too low to meet the requirements of 
G.E. which would like, generally speak- 
ing, to take only men with the equiva- 
lent of a B-minus average or better. 
(This standard is by no means inflex- 
ible, and necessarily varies from college 
to college.) But Cessna nevertheless 
treated every interview as an opportun- 
ity for the practice of good corporate 
public relations. To each student, how- 
ever unpromising as a potential G. E. 
employee, he praised G.E. as a place to 
work. Like Rescorla, he also urged stu- 
dents to shop around before deciding on 
a job. “We anticipate you will continue 
interviewing companies,” Cessna told his 
last student of the morning, a voluable 
youth with rather mediocre grades. “We 
want you to—we love to be compared.” 
After the student had gone, Cessna 
glanced at his Personnel Data sheet. 
shook his head, and wrote “No Offer” 
in the space reserved for the interview- 
er’s comments. “I thought he talked too 
much,” Cessna said. 


In the afternoon Irwin took some of 
the load off his teammates by interview- 
ing half a dozen students himself. ‘Chey 
included two juniors interested in sum- 
mer jobs; an electrical engineering sen- 
ior, one of the top-ranking men in his 
class, who had already spent a sum- 
mer working for G.E., and to whom 
Irwin offered a permanent job; an eccon- 
omist who had got on the roster by mis- 


31 


32 


your first move 


CAN DECIDE THE GAME 


your first job 


CAN DECIDE YOUR FUTURE 


(eS 
EAS 
er important first job can start you off in 


the wrong direction—or it can lead you straight toward your 
goal. If your ambitions are high, Motorola has a place that will 
give you the finest chance possible for the advancement you 
want. You'll get security and good salary, but, more important, 
you'll be working on projects with a future, like missile guid- 
ance, radar, and microwave. The door is wide open at Motorola, 
and the opportunity to fulfill your ambitions is yours. 


If you are an ELECTRICAL ENGINEER, MECHANICAL ENGINEER or PHYSICIST, 
contact Motorola today, 


CHICAGO, ILL.: MR. L. B. WRENN, Dept. CO., 4501 Augusta Blvd. 
Challenging positions in Two-Way Communications, Microwave, Radar and 
Military equipment, Television (Color) and Radio Engineering. 


PHOENIX, ARIZ.: 

RESEARCH LAB., MR. R. COULTER, Dept. CO., 3102 N. 56th St. 

SEMI-CONDUCTOR DIV., V. SORENSON, Dept. CO.,5005 E. McDowell Rd. 
Outstanding opportunities in the development and production of Military 
equipment and Transistor products. 

RIVERSIDE, CAL.: MR. C. KOZIOL, Dept. CO., Box 2072 
This new modern research laboratory, located 65 miles from Los Angeles, 
needs men in Missile and Military equipment systems analysis and design. 


Contact your Placement Officer for further information regarding interview 
date on your campus or write to one of the above addresses. 
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take; and a physicist who revealed, to- 
ward the end of a long interview, that 
his real interest was in biophysical re- 
search, a field in which G.E., as Irwin 
pointed out, has few opportunities to 
offer. 

As each of the recruiters completed 
his interviewing schedule, he again 
checked his recommendations with Irwin 
and discussed with him how each job 
offer could best be followed up. One re- 
cruiter reported that he had talked with 
a very impressive engineer who was in- 
terested in G.E., but thought he might 
be more interested in studying for the 
Catholic priesthood. Irwin suggested 
that this was not a situation in which 
follow-up techniques would be of much 
“help. 

By 5 p.m., all of Irwin’s recruiters 
expect Cessna had seen their last pros- 
pects and had left for their respective 
homes. The placement-bureau staff had 
already gone for the day when Cessna 
completed his final interview and began 
going over his notes with Irwin. The 
two men continued their discussion in 
a taxi going to the Lansing railroad 
station, where Irwin planned to catch a 
6:26 p.m. train to Detroit. In the sta- 
tion waiting room, Irwin worked out 
the two-day totals: 85 interviews, 31 
training-program offers, 15 men refer- 
red to operating departments for pos- 
sible direct placement. 


“Our offers this trip were a little on 
the high side,’ Irwin said, chewing 
thoughtfully on a cigar. “But our cut of 
the class was good. The quality ran high. 
Normally, on the basis of past averages, 
out of 85 interviews, not 31.” Follow- 
up, of course, would be important. In 
recruiting Irwin went on, “20 per cent 
of the battle is preconditioning—getting 
the boy to come to be interviewed. The 
impression the interviewer gives counts 
for 40 per cent more. The other 40 per 
cent is follow-up. Each one of these 31 
boys is going to be visited personally 
at least once, and one way or another 
they’re going to be hearing a lot from 
us between no wand graduation.” 

Irwin made a brief mental calculation 
and said that G.E., assuming the ratio 
of offers to acceptances conforms to the 
average in recent years, might end up in 
June with acceptances from 11 of these 
31 fledging scientists and engineers. This 
would amount to less than 1 per cent of 
the 1,200 technically trained college 
seniors that G.E. expects to sign up this 
year. Most of Irwin’s field work stil] 
lay ahead. In the next month he would 
be leading task forces at Ohio State, 
Cast Institute of Technology, Purdue 
University of Wisconsin, Notre Dame, 
University of Louisville, Ohio Univer- 
sity, University of Michigan and Uni- 
versity of Detroit. Meanwhile of course, 
Irwin’s office would be lining up precise 
dates for the winter and spring of 1958. 


THE TECHNOGRAPH 


by Jim Kries 
Eng. Physics ‘59 


OUNTERZA Rey to 
the opinions and 
ideas of most engi- 
neers, the oldest 
building on campus is not Civil Engineer- 
ing Hall or the Physics Building; in 
fact it isn’t even on the north campus. 
Just south of David Kinley Hall (the 
commerce building) is an old model 
farmhouse, built in 1870. This oldest of 
campus buildings is the current home of 
one of this campus’ most modern and 
progressive agencies, the Small Homes 
Council. 

To most engineers, in fact to most 
students, the Small Homes Council is 
an unfamiliar name. A recent display in 
the lobby of the Union helped to shed a 


little light on this relatively-unknown 
activity, but the pretty colored slides far 
from gave the complete story behind this 
revolutionary group. 

Small homes are their business, but 
they aren’t just a super-group of build- 
ers, designers, architects—they’re a little 
bit of all these and a lot more. The terms 
research and de velopment probably 
would come the closest to a complete de- 
scription to their activities. 

The council is looking into the broad 
area of improving construction and de- 
signs of small homes, of finding new 
and better ways to utilize existing ma- 
terials and equipment in the smaller 
home, and of exploiting the advantages 
of current developments in materials, 
techniques, and similar areas in these 
homes. Their results should benefit all: 
architects, engineers, contractors, build- 
ers, site planners, interior designers, man- 
ufacturers, building material dealers, 
mortgage lenders and you, the prospec- 
tive home buyer. Through its series of 
non-technical circulars and plans as well 
as through its “short courses’ in all 
phases of small homes, literally tens of 
thousands of people have benefitted. The 
council, for example, has distributed over 
five million copies of its circulars. 

With the help of the many university 
divisions which relate to housing—archi- 
tecture, landscape architecture, home 
economics, mechanical and electrical en- 
gineering, sociology, economics—the ac- 
tivities of the Small Homes Council 
commenced in September, 1944. Since 
then its activities have grown to keep 
pace with its challenge. 

Perhaps the most famous aspect of 
the council’s work is its group of cir- 
culars. Each describing a separate aspect 
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FIG. 1. THE NEW WAY. The roof truss system was developed by the Council. 


of the housing situation, they cover al- 
most every topic in a very clear, well 
illustrated brochure. Some of the titles 
include “Financing The Home,” “Busi- 
ness Dealings With Architect and Con- 
tractor,” “Land Design,’ ‘Household 
Storage Units,” “Storage Partitions,” 
“Cabinet Space for the Kitchen,” ‘‘Se- 
lecting Lumber,” ‘Plastics as Building 
Materials,’ “Heating the Home,” “In- 
terior Design,” and many more. Each is 
sold for a nominal fee (ten cents) and 
covers a topic in simple practical terms. 
Each is designed to give the reader the 
general outlook and is not designed to 
give any specific recommendations or 
plans. 
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Circular F3.0 is an excellent example. 
Entitled “Wood Framing,” this circular 
describes the “‘roof-truss construction” 
(developed by the council for use in 
small homes) as well as the joint-and- 
rafter construction and many other 
more conventional designs. Figure 1 
shows the roof-truss system which does 
not require any posts or divider wall 
under the center line of the roof. Fig- 
ure 2 shows the more conventional joist- 
and-rafter system. In addition, the trans- 
verse beam, rafter with ridge support, 
and longitudinal beam systems are also 
covered. Under each type is listed the 
determining factors for that particular 
type as well as a detailed listing of ad- 
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vantages and disadvantages. As figures 
1 and 2 show, specific designs are not 
given in the circulars, only sketches to 
illustrate the particular idea. 

Sometimes it takes more than a cir- 
cular to properly illustrate a point. 
Often it is necessary to actually draw 
up a house plan to show just how some 
point can be integrated into actual home 
design. This is the job of the general 
interest research report. Presently-avail- 
able reports include ‘‘Contemporary 
Houses Developed from Room Units,” 
“Fourteen Split-Level Houses Designed 
for Solid-Fuel Heat,” ‘“New House De- 
signs for Wall-Panel Construction,” 
“Handbook of Kitchen Design,” and 
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FIG, 2. THE OLD WAY. Conventional techniques require central partitions. 
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Fig. 4. Floor plan with space for a 
family of four, with playroom facil- 
ities combined with utility room. 


“Homes 
Panels.” 

This latter booklet, “Homes from 
Pre-Assembled Wall Panels” for exam- 
ple, is somewhat typical of the scope of 
the research report series. Figure 3 shows 
one basic home type utilizing the truss 
type roof mentioned earlier. Variations 
on this hasic home type are shown in 
figures 4, 5, 6. Each home is designed to 
show an effective and pleasing integra- 
tion of the many factors covered separ- 
ately in the circulars and is not neces- 
sary a “dream home.” Each is well de- 
signed, however, representing the com- 
bined efforts of many outstanding archi- 
tects and designers. For anyone inter- 
ested in more complete construction plan 


from Pre- Assembled Wall 


= ee. a LJ | JA, Beproom 
= @ 8-0" x 10-0” 
| KITCHEN 
eae DINING 8-0" x 10’-0" 
Re Ted x 8-0" 
Se eee nn BEDROOM 
|__| 9-0" x 11-2" 
=~ LIVING“AREA u 
12’-0" x 16’-0” , \ 


a 
Coats 
I 

al 
eee 


PLAYROOM [+ 
= 7-10" x 12-2" a Ke 


BEDROOM \, 
10’-6” x 12-8” © 


of 
ee 

= 

Q 

c 

a 
a 

s 

=< 

[oS] 
I 


for one of these model homes, such 
as a builder or architect, the Small 
Homes Council makes detailed blue- 
prints available at a nominal cost. 

These house blue prints are only one 
of a group of publications available for 
contractors and builders. Instruction 
sheets have been prepared covering the 
various types of roof truss, giving all of 
the essential dimensions, sketches, and 
data. An example of this is shown in 
figure 7. Also included on the data 
sheet are nailing patterns, cutting pat- 
terns, and other similar construction 
aids. 

All of these publications are the re- 
sult of a huge cooperative effort. As 
mentioned earlier many departments of 


Fig. 5. A basic floor plan for the 
house shown in Fig. 3. Space is 
adequate for a growing family. 
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2" x6” TOP CHORD 

2” x4" LONG DIAGONAL 
1” x 4" SCAB 

2” x 4” SHORT DIAGONAL 
DIAGONAL GUSSET 

2” x6” BOTTOM CHORD 


LARGE HEEL GUSSET 
SMALL HEEL GUSSET 


FIG. 7. TYPICAL DETAIL CONSTRUCTION drawing for the roof truss. A complete table of dimensions is included 
for all typical applications. 


this university are actively engaged in 
Small Homes Council business. In addi- 
tion many people outside this university 
participate. For example, the roof-truss 
plans are a result of the cooperative ef- 
forts of James T. Lendrum, A.I.A. and 
Howard E. McCall of Illinois and By- 
ron M. Radcliffe and Stanley K. Sud- 
darth of Purdue. 

Besides university personnel, many 
commercial research agencies contribute 
to the work of the council. This co- 
ordination helps to keep the brochures 
and other publications current in all 
respects. In the booklet, “Homes from 
Pre-Assembled Wall Panels,” for ex- 
ample, extensive assistance was rendered 
by the Lumber Dealers Research Coun- 
cil. 

The actual research areas are many 
and varied, but the basic approach is 
essentially the same. Nothing is ever 
taken for granted. Each step is ques- 
tioned, each procedure is reexamined in 
the home of simplifying it or in some 
way making it easier to accomplish the 
same end result. In roof framing, for 
example, each of the various procedures 
involved were closely examined and 
from this came the revolutionary truss 
technique, previously little used. 
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In the area of construction the use 
of roof trusses took the load off the in- 
terior walls and enabled the council to 
experiment with more practical room di- 
viders. Since the room dividers were not 
required to carry the load of the roof, 
they could be made into almost any con- 
figuration such as storage units and 
could be made from light thin-wall stud- 
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less panels. Eventually this procedure 
enabled much of the house to be preas- 
.sembled and installed as units (prefabri- 
cation), enabling for example, two men 
to erect the exterior walls in a day or 
so. 

Design is another big area for the 
council. Staffed by architects, sociolo- 
gists and home economists ,this research 
group studies just how much space a 
family needs and how this space should 
be arranged for most efficient usage. 

For one study a laboratory was built 
which was so flexible in its use of interior 
space that even the bathroom and kitchen 
can be moved to different locations with- 
in the structure. Representative families 
live in the house at various periods to 
test different space situations—different 
sizes and shapes, as well as different ar- 
rangements, of rooms. Later 28 houses 
were designed to incorporate some of 
the findings of the study. 

The final result of all this work is 
something to value to all of us. In our 
later lives housing will become a major 
point; many of us will be interested in 
actually building a little place of our 
own. Others will want more information 
about current considerations in homes 
on a layman’s level. The Small Homes 
Council is ever ready, providing circu- 
lars and publications about all aspects 
of their own specialty—the small home. 
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For Forty Nealistounnemesnsatheen 

Union Carbide and Carbon Corporation ... more generally 
called “Union Carbide.” 

Now our company name will be Union Carbide Corporation. 

The change is in name only. The people of Union Carbide will 

continue to pioneer in developing and producing carbons and 


gases, chemicals, plastics, alloys and nuclear energy. 
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UCC’s principal divisions 
and subsidiaries include 
BAKELITE COMPANY 

ELECTRO METALLURGICAL COMPANY 
HAYNES STELLITE COMPANY 
KEMET COMPANY 

LINDE COMPANY 

NATIONAL CARBON COMPANY 
PYROFAX GAS CORPORATION 
SILICONES DIVISION 

UNION CARBIDE CANADA LIMITED 
UNION CARBIDE CHEMICALS COMPANY 


UNION CARBIDE DEVELOPMENT 
CoMPANY 


UNION CARBIDE INTERNATIONAL 
COMPANY 


UNION CARBIDE NUCLEAR COMPANY 
UNION CARBIDE ORE COMPANY 
UNION CARBIDE REALTY COMPANY 


VISKING COMPANY 


Write for free booklet 
and learn how UCC research can help 
you. Ask for ‘Products and Processes.” 
Union Carbide Corporation, Dept. E, 
30 East 42nd Street, New York 17, N.Y. 
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Changing the earth itself into products 
for industry is an everyday matter 


in Ceramics Engineering. 


by Ronald K. Bart 
Cer-E. “58 
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CHECKING THE TEMPERATURE of pot smelter by means of an optical 


pyrometer. 
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Using a microscope for determining 
crystal structure. The image is pho- 
tographed for study. 


If the ancient alchemists who tried to 
change common materials into gold 
could return to life again, they would 
salute the modern ceramists who have 
succeeded where they failed. Ceramists 
have turned a craft into an industry 
which is one of the greatest producers 
of wealth in America. 

Although the manufacture of ceramic 
products dates back several thousand 
years before Christ, it is only in com- 
paratively recent years that real progress 
has been made. Formerly ceramics was 
a closely guarded family secret handed 
down from father to son, and was con- 
sidered strictly an art. Even now many 
people think only of artistic products 
when they think of ceramics. But the 
fact is that modern science has built 
this art into a billion dollar industry 
with an infinite variety of products 
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Using a hydraulic press to form 
ceramic parts especially where 
shrinkage must be controlled. 


which furnish us with what we con- 
sider the necessities of life. 

The Illinois Ceramic Institute defines 
ceramics as the industry which uses non- 
metallic materials dug from the earth, 
forms them into suitable shapes, then 
through the use of fire or high temper- 
ature manufactures such products as: 

Structural claywares—building bricks, 
roof and floor tiles, sewer pipes, con- 
duits. 

Porcelain enamels and refractory coat- 
ings—stoves, bath tubs, tank linings, 
washing machines, coatings for the ex- 
haust systems of jets. 


Refractories—firebrick, plastic fur- 
nace linings, refractory cements. 
Whiteware—china, chemical labora- 


tory ware, sanitary ware, electrical in- 
sulators, spark plugs, dentures. 
Glass—window and table glass, glass 
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A ROTARY SMELTER used for melting glasses for glaze and enamel. Many 


industrial operations require this piece of equipment. 


cloth, cooking ware, lenses, light bulbs, 
bottles, laboratory equipment. 

Abrasives—grinding wheels, 
sharpeners, abrasive powders. 

Cements, limes and _ plasters—for 
building, agriculture, dentistry and man- 
ufacturing, 

Let us analyze briefly our list of pro- 
ducts made from earth. Building bricks 
are one of the oldest ceramic products 
known. Some bricks taken from ancient 
buildings are 6,000 years old. The an- 
cient craftsman, if he could return to 
earth, would have no trouble recogniz- 
ing the modern product, but he would 
be amazed at modern methods. He and 
his assistant required at least a month 
to make enough bricks for a medium- 
sized house. A modern brick machine, 
designed by Ceramic Engineers, can 
turn out the same amount in an hour. 


knife 


The art of porcelain enameling is also 
very ancient. Its first use was to decor- 
ate jewelry. The modern development 
of porcelain enameling for such articles 
as refrigerators, washing machines, milk 
tank liners, etc., is of American origin. 
Men from all over the world come to 
American universities to learn about 
American enameling methods. 

The ancients knew nothing about re- 
fractories. They are a modern develop- 
ment. The Ceramic Engineer who works 
at making refractories must know a lot 
about chemistry and physics. He must 
come up with materials capable of with- 
standing great heat. Without the use of 
refractories, our modern iron and steel 
production would be impossible. And 
since industries are constantly 
higher temperatures, ceramists are kept 

(Continued on Page 46) 
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Modern Alchemy 


busy developing newer and _ better re- 
fractories. 


Pottery making is the oldest form of 
ceramic industry. It is so old that its 
beginning is lost in the prehistoric past. 
But what a contrast between ancient 
pottery and modern whitewares, and a 
very impressive contrast between the out- 
put of a foot-driven potter’s wheel and 
the modern electrically operated ma- 
chine. A very important product of the 
potter's art is the modern spark plug 
without which it would be impossible 
to operate the motor of an automobile 
or an airplane. 


Egyptians were making glass 7,000 
years ago, but what a far cry from the 
glass beads in Egyptian tombs to the 
infinite variety of glass products on the 
modern market. American ceramists 
have developed many special kinds of 
glass and American Ceramic Engineers 
have invented machines for mass pro- 
duction of glass articles. 


Fifty years ago there were no abrasive 
products on the market. Natural rocks 
were used for “sharpening stones.” Then 
a man who was trying to make artificial 
diamonds produced a material so hard, 
and so useful to industry, that the value 
of the abrasives made since his inven- 
tion of them is probably a great deal 
more than the value of the diamonds 
mined in the same time. In the making 
of abrasives, raw materials are heated 
to 4,000 degrees Fahrenheit and_ the 
new hard crystals thus made are formed 
into abrasive articles. The high preci- 
sion machine work which is responsible 
for mass production would be impossible 
without abrasives. 


Manufactured cement is another rela- 
tively new ceramic products, although 
natural cements were used as far back as 
Roman times. In the manufacture of 
cement, clay and limestone are fed into 
a rotating furnace where the heat melts 
them into a clinker, which later is 
ground into cement. It serves a multi- 
tude of purposes. Think of the thousands 
of miles of highways, streets, sidewalks, 
and of the building foundations, dams 
and other structures that use cement. 


The first school of Ceramic Engi- 
neering was founded at Ohio State Uni- 
versity in 1895 by Prof. Edward Orton 
Jr. In 1905, the University of Illinois 
instituted the fourth school of Ceramic 
Engineering in the world. Since that 
time, it has been a leader in the Cer- 
amic Engineering field, both in training 
and in research. For many years the de- 
partment has carried on an extensive 
research and development program for 
the United States Air Force, in addi- 
tion to a broad field of industrial re- 
search. These programs give the stu- 
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GENERAL VIEW OF KILN HOUSE 
machines, kilns and furnaces. 


dents and staff a close contact with 
current thinking and planning for the 
future, 

To elaborate on the opportunities in 
ceramic research and development, con- 
sider some of the new fields which have 
recently opened. The field of atomic en- 
ergy has created new problems in re- 
fractories, and much future research and 
experimentation will be devoted to cer- 
amic materials which will retain their 
physical and chemical identities at high 
temperatures. Jet engines, guided mis- 
siles, and new electrical high-load capaci- 
tors provide opportunity for intensified 
research to solve problems created by 
their increasing requirements. 

The Ceramics department at the Uni- 
versity of Illinois offers two curricula, 
one in Ceramic Engineering and the 
other in Ceramics. The Ceramic Engi- 
neering curriculum trains the student for 
supervision of manufacturing processes, 
the design and operation of machinery 
and equipment, and the testing of raw 
materials and the finished products. The 
curriculum in Ceramics requires fewer 
engineering courses, replacing them with 
more chemistry and physics to prepare 
men for research. Thus our department 
is well-balanced, turning out men for 
every phase of the Ceramic industry. 

When a young man starts planning 
his life’s work, there are many things 
to consider. First, perhaps is his own 
ability. What school work does he like 
best? Is it chemistry, physics, is he me- 
chanically inclined, does he like to ex- 
periment? Then he considers the oppor- 
tunities, the kinds of work available, the 


showing industrial models for forming 


income earned, the fields that are look- 
ing for trained men. The Ceramics field 
is not crowded. America has 3,200 cer- 
amic plants, but only 1,600 Engineers 
trained in ceramic schools. This short- 
age is due to the very rapid growth of 
a comparatively new industry. Job 
placement after graduation should be 
no problem. As to income earned, the 
United States Department of Labor 
states that Ceramics pays college gradu- 
ates better than many other fields of em- 
ployment, and also that advancement for 
Ceramic Engineers is steady. There is 
no likelihood of this field of employment 
becoming crowded in the forseeable fu- 
ture. With all of the possibilities that 
are developing for the ceramic indus- 
tries, the need for engineers is on the 
increase. Although the number of Cer- 
amic Engineers has always fallen short 
of the industry’s demands, it appears 
that the demands are still greater than 
the universities can produce. One of the 
reasons for this shortage may be the be- 
lief that the field of Ceramic Engineer- 
ing requires a special artistic flair. This 
of course is not the case. 

In order to introduce high school stu- 
dents to the field of Ceramics, the Uni- 
versity of Illinois Department of Cer- 
amic Engineering has sent out more 
than five hundred kits to state high 
schools. These kits show the various 
processes used in the industry, and the 
different branches involved. It is hoped 
that through these kits, more students 
will become interested in Ceramic En- 
gineering, realize its potentials and then 
enroll at Illinois. 
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K. Step Gages 


Step gages are attribute type gages 
for checking the relationship of one sur- 
face to another, for instance the distance 
from one shoulder to another on a shaft. 
The gages are usually made of steel on 
which steps have been ground repre- 
senting the maximum and minimum 
tolerances allowable. The dimension 
checked must fiit between the two steps. 
A variation of this gage may include a 
hollow cylindrical piece of steel on which 
a step has been ground on one end to 
check the distance of a shoulder to the 
end ot a shart. 


GAGES - II 


Snap Gage 


L. Snap Gages 


1. Plain Snap Gages—TVhe American 
Gage Design Committee defines the snap 
gage as follows: “A snap gage is a com- 
plete external caliper gage employed for 
the size control of plain external dimen- 
sions, comprising an open frame, in both 
jaws of which gaging members are pro- 
vided, one or more pairs of which can 
be set and locked to any predetermined 
size within the range of adjustment.” 

The plain solid snap gage is made to 
check within the range of the two gag- 
ing dimensions. In using this gage the 
piece is first tried on the “Go” side and 
then the gage is reversed and the piece is 
tried on the ‘“No Go” side. 

The plain snap gage is generally a 
production inspection gage. It can be 
used almost wherever calipers, microm- 
eters or ring gages are used, but it is 
limited by the fact that it will determine 
only the limits of the pieces inspected. 
Many times it is an advantage to know 
exactly what the measurement is; then 
of course some other method must be 
used. 

In gaging a flat part, the gage should 
approach the part directly so that but- 
tons are square with the surfaces of the 


piece. The ‘Go’ pins should pass over 
the part with a light hand pressure and 
if the part is within limits, it will be 
stopped by the “No Go” pins. 

On cylindrical pieces, the gage should 
be rocked on to the pieces, locating on 
the part with the solid anvil cn top. 
For small cylindrical pieces the part is 
rolled between the buttons. 

A snap gage should never be forced 
onto the piece. Any undue pressure will 
tend to spring the gage and therefore 
result in the acceptance of bad parts 
and the rejection of good parts. 


2. Progressive Snap Gages—To facili- 
tate the inspection of parts, the jaws of 
the snap gage can be combined to make 
a progressive type of gage. The “Go” 
dimension is the outer set of jaws and 
the inner jaws represent the ““No Go” 
gage. The outer jaws on this type of 
gage always must be of a greater dis- 
tance than the inner jaws. 

3. Adjustable Snap Gage—A further 
step in the development of the snap 
gage is the adjustable snap gage. By pro- 
viding gaging pins, anvils, or buttons 
that are adjustable and can be locked 
into place, the snap gage can be changed 
within a limited range to meet specific 
changes that may occur. Standard frames 
are provided so that a wide variety of 
dimensions can be checked simply by 
changing the pins or anvils. To meet 
the demand for checking larger parts 
where a snap gage becomes too large, 
an adjustable length gage can be used. 
Instead of adjusting the pins or anvils 
for the desired size, the gage spacing 
bars are changed and the range of the 
gage can be made to any length. Some 
adjustable length gages have a dial in- 
dicator attached enabling the inspector 
to get a direct reading of the dimension 


checked. 


M. Flush Pin Gages 


Flush pin gages come in a variety of 
forms and sizes but essentially they do 
the same type of work. They are a “Go,” 
“No Go” type of gage usually consist- 
ing of steel block in which a movable 
cylinder is inserted. The cylinder ex- 
tends through the block and its move- 
ment is restricted by a pin so that it will 
not fall out. A flush pin gage may be 
used to check the dimension of a coun- 
terbore. In this case the pin will extend 
below the surface of the block enough 
so that when the gage is placed on the 
part, the pin will rest on the bottom 
of the counterbore. The top of the pin 
will then extend over the top of the 
block enough so that a check to the 
tolerance, the pin of the gage will ex- 
tend out from the face of the block of 
the gage and a ground flat on the pin 
will be below the face of the block. If 
the counterbore is undersize, the ground 
flat of the pin will extend above the 
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Flush Pin Gage 


face of the block and if the counterbore 
is oversize the top of the pin will be 
below the face of the block. Flush pin 
gages are excellent for quick accurate 
checks of counterbores, steps, shoulders, 
etc., where it isn’t necessary to get an 
actual measurement of the dimension. 


A chamfer gage is used simply as a 
quick, easy method of determining the 
accuracy of a chamfer. It usually is a 
cylindrical piece of tool steel on which 
an eighth of an inch length of the di- 
ameter has been ground to the maximum 
width allowed for the chamfer. A flat 
has been ground on this diameter the 
depth of which represents the smallest 
diameter allowed for the chamfer. Be- 
Jow the face of the large O.D., a pilot 
O.D. is ground so that when the gage 
is inserted, it will be in true relation- 
ship with the sides of the chamfer. A 
handle is machined into the opposite 
end; the handle having a smaller O.D. 
so that it won’t hinder the view of the 
gaging section. When the gage is used, 
it is inserted into the chamfered hole. If 
the chamfer is within tolerance, the 
large diameter of the gage should cover 
the chamfer diameter. A part of the 
chamfer should show at the point where 
the flat on the gage diameter has been 
ground. If at the flat, no part of the 
chamfer shows, the chamfer is not deep 
enough, if the diameter of the chamfer 
shows all the way around the gage di- 
ameter, the chamfer is too deep. 
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O. Pla-Chek Gage 


A measuring instrument that found 
extensive usé in conjunction with a sur- 
face plate is a Pla-chek gage. Based on 
the principle of the micrometer it can 
easily be used to measure within .0001”. 
The Pla-Chek consists of a base, an ad- 
justable measuring bar and a microm- 
eter barrel. The base is such that it sup- 
ports the whole length of the measur- 
ing bar, the top of which is attached to 
the micrometer. Along the edge of the 
base closest to the measuring bar is a 
steel scale graduated from 0 to 6, 12, or 
24 inches depending upon the size model 
used. The measuring bar has a series of 


precision ground discs exactly one inch. 


apart the whole length of the bar there- 
by allowing a vertical movement of one 
inch per disc. The micrometer consists 
of a stationarv barrel graduated in in- 
crements of .025’” and a thimble gradu- 
ated in increments of .0001”. The manu- 
facturer guarantees the accuracy of the 
gage to be within .00005” for any two 
points within a range of 12 inches. 


To set the Pla-Chek, the disc on the 
measuring bar can be alizned with a 
graduation on the scale along the bar 
to the closest .100; usually this scale is 
used more to determine which disc to 
use because the scale on the barrel of 
the micrometer will set the disc within 
.025”. Further rotation of the thimble 
will get the desired dimension within 
0001’. For example it is necessary to 
compare a surface whose basic dimen- 
sion is 3.1565”. The thimble on the 
top of the Pla-Chek is turned until the 
highest number on the barrel is 1, add 
to this 2 graduations and then add 65 
graduations on the thimble. 


1 (highest number visible on 


the barrel) & .100 = .100 
2 (additional graduations 
beyond 1) & .025 = .050 
65 (graduations on thimble 
x .000!1 = .0065 
1565 


The Pla-Chek is now ready to be 
used. ‘The surface gage can now be ad- 
justed to coincide with the reading on 
the Pla-chek by indicating the disc on 
the measuring bar that lies between the 
3 and 4 inch graduations on the scale 
along the edge of the measuring bar. 


A reverse checking plate can be clip- 
ped on to any one inch plate to facilitate 
checking dimensions from underneath. 


The Pla-chek can be used to great ad- 
vantage on a surface plate; many times 
eliminating the use of gage blocks or 
special height gages. It is simple to oper- 
ate and since the measuring bar is not 
touched by hand there is no danger of 
error due to body heat. 


Pla-Chek Gage 


P. Precision Gage Blocks 
(Jo Blocks) 


The gage block is a rectangular or a 
square piece of alloy steel ground and 
lapped to a very close tolerance. They 
are used as standards for comparison 
with other gages or with the parts them- 
selves. They are purchased in sets of 
from five to as high as eighty-five blocks 
in different lengths. It is possible to 
wring the block together and thereby 
get any combination of lengths desired. 

To wring two blocks together, the 
following procedure is one method of 
joining them. First it is important to be 
sure that any dirt or grit has been re- 
moved from the surfaces. Place the two 
blocks together and rotate slightly; this 
will detect any foreign matter between 
the blocks. The blocks are then shifted 
slightly and if they are clean they will 
begin to take hold. When the top block 
is about one half out of engagement, 
slide together with a slight pressure and 
an oscillating motion. It is not necessary 
to wring the blocks together with heavy 
pressure; it only makes it more difficult 
to separate them and no accuracy is 
gained. Any combination of blocks may 
be used and for all practical purposes 
are so solid as a single block. The blocks 
should not be left wrung together for a 
long period of time because the surfaces 
in contact will tend to corrode. 

In spite of the simple appearance, the 
gage block is a highly precision gage 
and should be treated as such. Any dirt, 
grit or foreign matter will tend to mar 
the surface and reduce the accuracy of 
the block. Any heat that comes in con- 
tact with the block will alter it’s size; 
therefore the blocks should be handled 
as little as possible and if extremely 
close tolerances are necessary, the blocks 
and the part to be inspected should be 
left to stand in the same place for sev- 
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eral hours until their temperatures are 
equal. 

Care should be taken when checking 
work that has been hardened so that 
the work will not scratch the surface 
of the block. 

The gage blocks are as versatile as 
they are simple. Some of the applications 
are: 

(1) Layout of tools, dies, fixtures. 

(2) Checking the accuracy of tools, 
dies and fixtures. 

(3) Setting machine tool cutters. 

(4) Checking parts in process of man- 
ufacture. 

(5) Checking completed parts. 

(6) Setting adjustable instruments 
for inspection of parts. 

(7) Verifying the accuracy of gages 
and masters used in the inspection of 
parts. 


Q. V Blocks 


A V-block is a rectangular steel block, 
the top of which contains a 90° ground 
V-slot. Cylindrical shaped objects can 
be held in this slot with the help of a 
clamp provided. The V-blocks come in 
various sizes and shapes; many of them 
are manufactured in pairs. Care should 
be taken when a pair of blocks are need- 
ed that a matched set is used. 


R. Parallels 


1. Bars—A parallel is a rectangular 
bar of steel ground accurately on four 
sides so that the sides are almost perfect- 
ly flat and parallel. Parallels are usual- 
ly manufactured in pairs so that both 
parallels are exactly the same width and 
thickness. The sides of the parallels are 
not necessarily square and should never 
be used for measuring. It is recommend- 
ed that parallels be used as much as pos- 
sible when working on a surface plate. 
They can be used when sections of the 
part to be checked extends below the 
reference plan from which the measure- 
ments are to be taken. 

2. Boxes—Box parallels are used 
much the same as Parallels but provide a 
larger surface on which to place height 
gages, surface gages, etc., giving them an 
additional range. 

3. Trons—Angle irons, Universal an- 
gle irons, and measuring irons are cast- 
ings made of iron the sides of which 
have been ground accurately at right 
angles and parallel with each other. 
They provide a surface on which the 
work can be clamped perpendicular to 
the surface plate. 


S. Surface Plates 


The surface plate is a large rigid 
block or table which is used as a flat 
finished surface providing a_ reference 
plane for inspection and layout work. 
The two most common surface plates 
are made of cast iron or granite. 


MAY, 1957 


1. Cast Iron Surface Plates—The cast 
iron plate is ribbed to provide rigidity 
without too much weight, and they are 
hand scraped to provide a perfectly flat 
surface. Because of the scraping marks, 
the smooth finish inspection equipment 
used on the plate will not adhere to the 
plate as illustrated by the wringing to- 
gether of two gage blocks. 

2. Granite Surface Plates—A surface 
plate commonly used now is a heavy 
granite plate. This plate too, is very 
accurately lapped to a very flat surface. 
The granite plates have certain advan- 
tages over the cast iron plates, among 
the mbeing a non-magnetic surface, rust- 
proof surface, low heat conductivity, 
non-porous surface and a hard surface. 
If a hard sharp object is dropped on a 
granite plate, the surface will be nicked 
but it will not raise the surface as it will 
on an iron plate. Unless the nicks and 
scratches are grouped very closely to- 
gether, this will have no effect on the 
accuracy of the plate. 

Care should be taken that the plate 
is kept clean and free from abraisive ma- 
terial which will tend to wear the sur- 
face. When heavy objects are placed on 
the plate, they should be set down on 
the edge of the plate and slid into posi- 
tion. It is a good practice to wipe the 
plate and the object off before placing 
them on the plate. Check to see that no 
burrs are present on the surface of the 
object; if there are, file or stone them 
off. Whenever possible parallels should 
be used on which to place the work. 
Parallels are made of hardened steel and 
will resist abraision and scratching com- 
mon especially with rough castings and 
forgings. 


T. Location Gages 


Location gages are many and varied 
but in most cases they are special gages 
to check the relationship of holes to one 
another, holes to a surface, or one sur- 
face to another. A hole location gage 
may consist of a steel plate in which 
pins have been placed in such a position 
that when it is placed over the holes on 
the part, the gage will fall into place. 
The acceptable limits required are built 
into the gage by adjusting the size of 
the pins used. Because a simple location 
gage would not give more than a “Go” 
or “No Go” type of inspection, some 
gages are provided with dial indicators 
whereby the actual deviation from the 
nominal dimensions can be obtained. 


U. Comparison Measurement 


A comparator generally is the name 
of an instrument or device which incor- 
porates within itself a means of holding 
the parts being inspected, a master with 
which the part is compared and a means 
of magnification whereby small varia- 
tions from the basic dimension can be 


observed. Examples of instruments and 
devices of this type include dial indi- 
cators, dial comparators, reed compara- 
tors, electrolimit gage heads, projection 
comparators, and air gages. Since the 
difference in dimension between the 
master and the part to be inspected is 
usually very small, a means of magni- 
fying this difference must be obtained. 
The system of magnification in the in- 
struments described is either mechanical, 
optical, or electrical. 

One of the simplest mechanical mag- 
nifications is a dial arrangement where- 
by the pivot is closer to contact point 
than it is to the dial pointer. As an 
illustration: 


The magnification is represented by 
theprelation, Of Alto. vor /A@ lie 
is 3 inches long and A is 1 inch long, 
then B/A = 3/1 or a magnification of 
3 times, (3x). 


The dial test indicator by the use of 
levers and gears is one of the simple 
methods of magnifying small movements 
of the contact point to a point sufficient- 
ly large so that it can be read with ease. 


1. Dial Comparators—The dial com- 
parator is used commonly to check quick- 
ly and easily a large variety of parts. 
The comparator consists of a base and 
a column to which a dial indicator is 
mounted and an adjustable table. The 
dial comparator is rigidly mounted on 
the column but the table is vertically ad- 
justable to accommodate various size 
work, 

Rough setting of the table can be ac- 
complished by releasing the lock screw 
on the column and adjusting the table 
by hand. Finer adjustment then can be 
made by releasing the lock screw in front 
of, and directly below the table, and ad- 
justing the screw below the table. With 
the use of gage blocks or a master setting 
block, the table adjustment screw should. 
be turned until the pointer on the dial 
gage is on zero. The gage blocks are 
then removed and the comparator is 
ready to be used. A final adjustment can 
usually be made by turning the bezel of 
the dial gage until the pointer lines up 
with zero. 

The dial comparator is usually as ac- 
curate as the dial indicator itself. Dial 
gages are available with an accuracy of 
000020” (twenty millionths of an inch) 
within a range of .OO1 each side of zero. 
They are built with magnifications up 
to 1200 times which means that a move- 
ment of .0O01” on the spindle will cause 
the dial to move .120 or almost an 
eighth of an inch. 

As in the case for all precision instru- 
ments, care should be taken in handling 
a dial comparator. The spindle of the 
dial should be protected from sharp 
blows and the table and master must be 
kept clean and free from nicks or burrs 
in order that an accurate reading can be 
made. The comparator should be placed 
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Comparison Measurement 


in such a position that vibration will 
have as little effect on it as possible. 
Never attempt to operate the instrument 
unless you are familiar with it. If 
doubt, ask your foreman and if the gage 
is broken do not attempt to fix it. 
Trained personnel are available in the 
Tool and Gage Inspection room to re- 
pair it. 

2. Reed Comparators—The reed com- 
parator is similar in construction to the 
dial comparator with the exception of 
the gaging head. The principle of the 
reed mechanism consists of two. steel 
blocks, one stationary and the other mov- 
able. Iwo vertical strips of steel called 
reeds are attached one to each block and 
are joined to each other at the upper 
end with a pointer at this junction. 

If the one block remains stationary 
and the other is free to move, this will 
force the reeds to deflect and move the 
pointer to the left or to the right. A 
small metal plate called a target is at- 
tached to the end of the pointer. The 
amount of target swing is proportional 
to the movement of the floating block. 

Within the comparator, a light source 
has been placed. The light passes through 
an opening flooding the scale over its 
full length. If an opaque object close to 
the light source cuts off part of the 
light, a shadow will be cast on the 
scale. The shadow will move across the 
scale much farther than the movement 
of the opaque object. It’s relationship 
being proportional to the distances of 
the target and light source to the scale 
and light source. As an example, if the 
target is 4” from the light source and 
the scale is 6” from the light source, 
the magnification would be 6” divided 
by 1%” or 48 times. 

To complete this assembly, if a spin- 
dle is fastened to the movable block in 
the reed mechanism and the reed mech- 
anism is combined with the light source 
we then have an effective comparator. A 
small movement of the spindle will cause 
the reeds to deflect causing the target 
to move in front of the light source cast- 
ing a shadow on the scale. The shadow 
on the scale can be adjusted to a zero 
setting when the instrument is set with 
a master. 

The total magnification of the instru- 
ment equals the magnification of the 
reed mechanism times the magnification 
of the light beam. For example: if the 
reed mechanism is 50 X and the light 
beam lever is 40 & then the total mag- 
nification is 50 times 40 or 2000 . 
Reed comparators are available in magni- 
fications from 500 & to 20,000 . 

Above are two typical examples of 
scales for the reed comparator. In figure 
A the scale is 1000 to 1. Each num- 
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bered mark equals 1/1000 of an inch. 
The scale is used on a comparator with 
a magnification of 1000 . The scale 
is marked 1/10,000 which means that 
the smallest division represents .0001”’. 
The range of the scale is .002” plus and 
.002” minus for a total of .004”. The 
2000 to 1 reed comparator scale as il- 
lustrated by figure B has a magnifica- 
tion of 2000 x. The scale is marked 
50 


1,000,000 


which: means that each small division 


represents .00005”. Itwo small divisions 
equal .0001’7. Each numbered division 
equals .0005” and the range of the 
scale is .001” plus, to .001” minus for a 
total of .002”. 


3. Electrolimit Comparator—Another 
type of comparator is the electrolimit 
comparator. Instead of using a light 
source an electric circuit is used. The 
spindle operates a steel armature which 
is hinged on one end by a strip of spring 
steel. The other end of the armature is 
free to move between two induction 
coils through which electric current is 
flowing in such a way that when the 
armature is exactly midway between the 
to coils, no current will pass through a 
micro-ammeter connected to the circuit. 
Any movement of the spindle will upset 
this balance and cause the pointer on the 
scale to move in proportion to the 
amount of current passing through the 
ammeter. The ratio of the movement 
of the spindle and the movement of the 
pointer is the magnification factor of the 
comparator. 

The standard electro-limit comparator 
has a magnification of 1500 * to 2800 
x and the scales are graduated to read 
to an accuracy of .00002” (20 million- 
ths) of an inch.) The full range of the 
scale being between .0012” to .002”. 


The master electrolimit comparator 
has a magnification of 3750 & to 11250 
<< and the scale of the micro-ammeter 
is graduated to an accuracy of .00001” 
(10 millionths of an inch.) The full 
range of the scale is .0004” to .0008”. 


Typical applications for a standard 
electrolimit comparator are; gears, bush- 
ings, shafts, threads, etc., that require 
a high degree of accuracy. Other appli- 
cations include working gages such as 
plug gages, flat gages, thread gages and 
masters for setting gaging fixtures. 

Applications for a master electrolimit 
comparator include checking the work- 
ing gage block against a master set and 
checking master plug and thread gages. 

It is necessary to turn the comparator 
on approximately one half hour before 
using or setting. The gage can be ad- 


justed by using two sets of gage blocks 
having the difference in height of the 
full range of the scale. Using the smaller 
set of gage blocks on the anvil, the 
pointer on the scale can be adjusted ac- 
curately on the left hand side of the 
scale. Then using the larger set of 
blocks, the scale can be adjusted accur- 
ately on the left hand side of the scale, 
Then using the larger set of blocks, the 
scale can be adjusted accurately on the 
right hand side of the scale. This will 
give the proper magnification. 

4. Projection comparators—A  pro- 
jection comparator is an instrument 
whereby a shadow of the object to be 
measured is projected on a screen. The 
shadow is then compared with lines on 
a chart attached to the screen corres- 
ponding to the dimens‘ons or contour of 
the part being checked. 

Simply, a lght is projected against 
an object and the shadow is picked up 
by a system of lens and the enlarged 
image is projected onto a mirror which 
in turn reflects the image onto the 
screen. The magnification is the ratio of 
the size of the image on the screen to 
the size of the object on the table and 
it is primarily dependent on the lens 
system and secondarily to the position 
of the mirror. 

The required magnification must be 
determined in advance so that the chart 
of the object to be checked can_ be 
drawn to the same scale as the magnifica- 
tion. By changing the lens, various mag- 
nifications of 5 X, 10: *, 20 <, 304 
and 125 & can be obtained. 

With the use of various holding de- 
vices and an assortment of lens, the pro- 
jection comparator is a very useful in- 
strument in implementing the inspection 
of almost an unlimited variety of parts. 
The accuracy of the instrument is de- 
pendent on the magnification used, but 
for measurement and comparison of 
parts that are otherwise difficult to gage 
because of their odd shape a projection 
comparator is indispensible. 

Again it is important to remember that 
a projection comparator is a precision 
instrument and care should be taken to 
protect it from careless handling. Clean- 
liness is all important so that the ac- 
curacy of the instrument will not be af- 
fected. The lens in the optical system 
can easily be damaged and become coat- 
ed with a film of dirt and grease. The 
optical glass is comparatively soft and 
can easily become scratched so it is im- 
portant that only the prescribed tissue 
is used to clean the lens. At no time 
should the inspector attempt to clean the 
mirror. The face of the mirror is coated 
with alumnium oxide and should not be 
touched with the fingers or wiped with 
a cloth. Cleaning of the mirror will be 
done only by personnel from the Tool 
and Gage Inspection Dept. who have 
special equipment with which to use. 
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5. Air Gages—The air gage is a type 
of comparison instrument used mostly 
for the measurement of inside character- 
istics of holes by indicating on a suitable 
scale the amount of air escaping between 
the sides of the hole and a gaging spin- 
dle which has been inserted in the hole. 
The air has been directed to the center 
of the spindle and escapes through special 
apertures or jets on the surface of the 
spindle. 

The velocity and the pressure of the 
air at a given instant depend on the 
clearance between the spindle and the 
hole. The greater the clearance, the 
higher will be the velocity and the lower 
will be the back pressure and vice versa; 
the smaller the clearance, the greater 
will be the back pressure and the less 
the velocity. With the proper equipment 
these factors can be measured and gaged. 
Those air gages which measure the ve- 
locity of air are called flow type gages 
and those that measure the back pres- 
sure are called pressure type gages. 

One of the principle advantages of 
air gages is the fact that the air flowing 
betwee nthe spindle and the hole acts 
like a cushion so that there is no con- 
tact between the spindle and the surface 
to be measured. Even soft material can 
be measured with little danger of mar- 
ring or scratching of the surface. 

The Precisionnaire is a flow type air 
gage and is actuated by the velocity of 
the air escaping from the jets in the 
spindle. There are two types of Preci- 
sionnaires; on one the spindle is part of 
the instrument and the parts to be in- 
spected are brought to the instrument to 
be checked ; and on the other the spindle 
is attached to the instrument by a flex- 
ible hose allowing the spindle to be 
brought to the part to be checked. Com- 
pressed air from the shop supply passes 
through an automatic compensating pres- 
sure regulator, through a vertical trans- 
parent tube in which a float registers the 
amount of flow and then passes out 
through the jets in the spindle. 

To set the precisionnaire, the spindle 
is inserted into a master ring having the 
minimum dimension of the hole to be 
checked. The air pressure is then ad- 
justed so that the float will come to rest 
near the central zone of the glass tube. 
The adjustable marker will be set op- 
posite the position of the float to indi- 
cate the low limit of the dimension being 
checked. 

Next insert the spindle into the master 
ring having the maximum dimension 
of the hole. The float will rise to a posi- 
tion higher than that of the minimum 
marker. Place the upper marker op- 
posite the float marking the upper limit 
of the dimension to be checked. The in- 
strument is now ready to be used for 
checking parts. The spindle is inserted 
into the hole to be measured and if the 
float comes to rest between the two 
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markers the hole is within the tolerance 
given. 


An Air-O-Limit gage differs from a 
precisionnaire in that it is a pressure 
type gage and the pressure is registered 
on a dial pressure gage. The air com- 
ing from the shop supply passes through 
a filter, a reducing regulator, a pressure 
regulator which limits the pressure to 
30 to 35 Ibs. (this pressure is registered 
on an air pressure gage) and_ then 
passes through a restriction tube to the 
pressure indicator and on to the spindle. 
The pressure indicator can be set to zero 
by operating a knob on the pressure reg- 
ulator. Two master rings are furnished 
so that the limits of travel of the gage 
dial can bet set and during inspection 
of the parts the part is acceptable if the 
dial is between the limits set. By the 
use of various size and shapes of spindles, 
almost all types of holes can be measured 
for size, out of roundness, bell shape, 
taper, etc. 


V. Sine Bars 


1. Simple Sine Bars—The sine bar is 
a device whereby it is possible to set up 
at any desired angle a plane upon which 
the angle of a part can be checked with 
the use of a height gage or a surface 
gage. # * 


It consists of a straight rectangular 
bar upon which two hardened ground 
cylinders are mounted at right angles to 
the side of the bar. The centers of the 
cylinders are exactly the same distance 
from the surface of the bar and the dis- 
tance between the two cylinders is some 
fixed distance, usually such that it will 
enter easily into calculation. Most sine 
bars are s>.or 1 0aneh bars: 


If one of the cylinders is resting on a 
surface, the bar can be set to any de- 
sired angle simply by raising the other 
cylinder a distance above the first cylin- 
der equal to the sine of the desired angle 
times the distance between the centers. 


For example if a 10 inch sine bar is 
used and it is desired to set the bar at 
30° then the following procedure is 
used. By referring to a table of Sines 
we find that the sine of 30° = .5000. 
Therefore to set the 10 inch bar at 30° 
the one cylinder must be 10 & .5000 or 
5 inches above the other. Generally both 
cylinders are placed on gage blocks and 
if for example the first cylinder is put 
on a 1 inch block then the other cylin- 
der must be 1” plus 5” or 6 inches high. 


A point to remember when setting up 
a sine bar is that a small change in the 
height of the gage blocks will make a 
greater change in the angle when it is 
near the horizontal position than when 
the angle is near the vertical position. 
Therefore to keep the error small, it 1s 
possible to use the complement of the 


angle. When angles greater than 60° 
are to be measured, it is usually neces- 
sary to go to the complementary angle. 
A complementary angle is defined as the 
difference between the angle and 90°. 


For example the complement of 70° 
is. 90> ——"70° or 20% Lo setup 4 /0- 
angle the sine bar would be set up at 20° 
and clamped to some convenient plate 
such as an angle iron and turned 90°. 
The angle then would be the comple- 
ment of the angle originally set up. 


The simple sine table incorporates the 
principle of the sine bar into a hinged 
fixture that can be set to angles up to 
60°. The working surface is large 
enough to accommodate larger pieces or 
V-blocks, etc., fastened to it. The top 
of the base is ground and lapped per- 
fectly flat so that the gage blocks can 
be inserted between it and the cylinder 
attached to the working table. The sides 
of the table are also square with the 
top of the table to facilitate setting the 
work square with the edge of the table. 


2. Compound Sine Tables—A com- 
pound sine table is a combination of two 
sine tables, one on top of each other. It 
consists of a base, a lower table and an 
upper table. The top of the base and 
the top of the lower table are ground 
and lapped to accommodate gage blocks 
inserted between the surfaces and the 
cylinders of the table. With either the 
lower table or upper table closed, the 
compound sine table can be used as a 
simple sine table. The compound table 
is used, to measure planes that make two 
angles with the reference plane, but also 
can be used to measure more than one 
angle without moving the table. 


3. Angle Computers—The angle com- 
puter combines all the features of a com- 
pound sine table and it can be rotated 
in a horizontal plane. It’s basic advan- 
tage is its simplicity and speed of oper- 
ation. Instead of using gage blocks to 
set the desired angle, circular dial scales 
and verniers are used. With the aid of 
the verniers an accuracy of 5’ can be 
read. The angle computer is used prin- 
cipally to simplify layout work and in- 
spect tools and parts for which special 
gages are not provided. It has three di- 
rections of rotation namely, horizontal 
and in two vertical planes at right angles 
to each other. Because all three angles 
can be set in relation to each other, the 
angle computer is ideal for checking 
compound angles. 


We are indebted to Mr. J. L. Hawk- 
inson, for permitting us to print this 
material on gages. Mr. Hawkinson is 
the director of training in the Quality 
Control department of Sundstrand Avi- 
ation. Ilis material on gages 1s part of 
a series of articles on gaging equtp- 
ment, designed to instruct the inspectors 
at Sundstrand. 
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Arne Steivang and Charles Baumann of Federal Bakery Co., Winona, Minnesota, receive engineering service and 


product data from Stan Nelson (left), of Standard Oil, to help keep maintenance costs low on Federal’s truck fleet. 


How to write a success story 


STANLEY NELSON, automotive engineer, is typ- 
ical of many young men we like to tell about 
in the Standard Oil organization. He keeps 
proving to be the right man in the right job as 
he advances with us. 

Stan likes engineering, of course. He grad- 
uated from the University of Minnesota with a 
B.S. degree in Mechanical Engineering in 1950. 

He likes people. He especially likes to get 
into business problems with them where he and 
his company can help. Truck maintenance, 
lubrication, and fuel consumption are big items 
to fleet operators, large and small, who have 
found that help from Stan pays off—for them. 

And he likes selling. He functions frequently 
as a key man for the sales department. His 


Standard Oil Company 


910 South Michigan Avenue, Chicago 80, Illinois 


intelligent analysis of a problem in his field 
may either improve our service to a valued 
customer or help us to secure a new one. 

He likes to keep moving, too, and he’s done 
that. He held several sales positions in 
Minnesota and attended Standard’s intensive 
Sales Engineering School in Chicago before 
being promoted to his present position in which 
he works out of the Mason City, Iowa, divi- 
sion office. 

As men like Stanley Nelson earn their way 
upward in our organization we have frequent 
openings for ambitious college men to follow 
them. You might find a career in engineering, 
research or sales with this stable and progres- 
sive company rewarding, too. 
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NUMERICAL ANALYSIS, Volume VI, Pro- 
cedings of the Sixth Symposium in Applied 
Mathematics of the American Mathematical 
Society, Edited by John Curtiss, McGraw- 
Hill Book Co., $9.75, 303 pages 


“NOW ... practical electronics math 
that works over 300 ways.” Certainly 
such a description would induce a high 
degree of anticipation in any prospective 
reader. Unfortunately, in the view of 
this writer, these ‘300 ways” constitute 
the major blemish in an otherwise out- 
standing math book. 

The “300” reters to a great number 
of sample problems which the authors 
inject into their book, presumably to 
show the reader the great marvels of 
mathematics. (Who ever doubted the 
might of math?) Chapter two seems to 
be an excellent example. In this chapter, 
“Electronic Applications of Calculus,” 
the authors present 14 examples (with 
little or no explanatory material as to 
why they happen to be filling their re- 
spective pages) followed by 47 problems 
which presumably each require the use 
of calculus in their solution. Granted 
they are all associated with the field of 
electronics, but no attempt (or at least 
no obvious attempt) is made to follow 
any coherent pattern in the problems. 
Presumably if you were in a position to 
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have to use one of these problems, you 
would turn to this handy-dandy book 
and find the problem all worked out for 
you, showing the merit of this book. But 
and here is the catch—if you held a 
job where you had to use these rather 
advanced concepts, you would already 
know how, and if you didn’t, you surely 
wouldn’t find out here since the answers 
to all problems were methodically omit- 
ted. Yes indeed, you will surely learn a 
lot from problems which are not worked 
out and which do not have printed an- 
swers. Apparently the only good purpose 
of the problems is to help sell the book. 
Perhaps they will be successful. 

If you are sufficiently stout-hearted 
to get past chapter two, however, you 
will be rewarded. Chapters three and 
four present a rather comprehensive and 
interesting coverage of the whole field 
of rationalized dimentions. Table 3-3, 
for example, gives over one hundred 
quantities with their usual dimentional 
units and their equivalent expressed in 
so-called “mks rationalized dimentions,” 
(which means simply that everything is 
expressed in terms of five basic dimen- 
tions: mass, length, time, charge, and an- 
gle). Checking procedures are given, us- 
ing these dimentional systems (to show 
that equations can be checked by noting 
whether the answer contains the proper 
units). Although this topic has been 
pounded gently (or not too gently!) into 
our heads here, the authors shed a lot of 
needed light on a rather cloudy subject. 

A review of determinants is given in 
chapter six, and these principles are ap- 
plied in chapter seven. Examples are 
used rather generously and the result is 
a goldmine for any communication or 
power option E.E. 

Chapter eight is an introduction to 
matricies which are then applied to net- 
work solutions in chapter nine. Although 
the examples are somewhat limited in 
quantity, the chapter is certainly worthy 
to be included as it does have quality to 
compensate for the lack of quantity. 

The inevitable infinite series occupies 
next place in the hit parade of mathe- 
matics. Series expansion is tied relatively 
tightly to electronic applications and 
hence some of the usual pain is masked. 
However, series will be series. 


Following this is a short run-down of 
“nonlinear electronic devices’ which is 
general means that they take the devices 
from the preceeding nine chapters out 
of the ivory tower of lossless lines, zero 
distortion amplifiers, etc. and subject 
them to quantitative distortion analysis. 
Certainly a worthy topic; unfortunately 
it got covered over a little too fast to be 
truly comprehensive, but still very 
worthwhile. 


Differential equations, Laplace trans- 
forms, and the like are treated in the 
next two chapters. Applications in the 
area of transient phenomena are covered, 
making the whole affair somewhat more 
realistic than the usual ivory tower ap- 
proach. Well written and highly inform- 
ative for the engineer who has completed 
his bout with Math 345, but a bit stiff 
for anyone who has yet to tackle the 
topic. Certainly one of the most sections 


of the book. 


With the widespread usage of elec- 
tronic digital computers, no book would 
be complete without some discussion of 
Boolean Algebra. The authors obligingly 
included an introduction to this topic. 
Although any reasonably complete treat- 
ment of this topic would cover at least 
one whole book this size, the introduc- 
tion is sufficient to whet your appetite 
toward further reading. 

Like any good mystery, this book gets 
better the further you read. With chap- 
ter two omitted, the book would read 
very well indeed. The problems in the 
book (chapter two excluded) could pos- 
sibly be used if the book were employed 
as a text, although the coverage of the 
topics is so broad that it is unlikely ever 
to be used as a text, at least in an engi- 
neering college. Any  upperclassman 
would get his money’s worth from this 
little gem. Well written and relatively 
inexpensive. 


MATHEMATICS FOR ELECTRONICS 
with Applications, Henry M. Nodelman and 
Frederick W. Smith, McGraw-Hill Book Co., 
1956, $7.00, 391 pages 


Engineering genius has changed many 
things in this highly-organized world of 
today. Automation has become the by 
word of industry, in production as well 
as in computation. In this latter area, 
computation, giant-size computers have 
emerged, challenging the best of men to 
control or program them efficiently. In 
an attempt to advance the field of basic 
mathematical concepts as related to fun- 
damental computer theory, the Sixth 
Symposium -in Applied Mathematics of 
the American Mathematical Society was 
held at Santa Monica City College, San- 
ta Monica, California, August 26 to 28, 
1954. All but two of the papers pre- 
sented at the Symposium are contained in 
this volume. 

The papers presented include ‘‘Com- 
putational Problems in the Theory of 
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The opportunity 
is often lost 
by deliberating. 


— Publius Syrus 
Roman slave and poet, 
Ist Century B. C. 
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DECIDE NOW 


to build your future 


with FTL 


Hundreds of engineers in recent months 
have made the decision to go forward 
with Federal Telecommunication Labo- 
ratories. 

They liked FTL’s long-range pro- 
gram of challenging assignments... its 
modern, expanding facilities and “small- 
company” project system. 

They liked FTL’s unlimited oppor- 
tunities for solid achievement and re- 
warding professional recognition.., its 
unique location, congenial fellow-work- 
ers and dynamic leaders. 

You'll like FTL, too! Why not decide 
now to join our growing team? 
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SIIAIPIIIGIEAOIABEGEE IRA VRAAVBVVVVWY 


EAST COAST ASSIGNMENTS INCLUDE: 


Radio Communication Systems 
Traveling Wave Tubes 
Electronic Countermeasures 
Air Navigation Systems 
Antennas * Missile Guidance 
Transistors and other Semiconductor Devices 
Computers * Telephone and 
Wire Transmission Systems 


Opportunities for relaxed living and careers 
building also at FTL’s West Coast Laborato- 
ries: San Fernando, Cal., 15191 Bledsoe St. 
—openings in Digital Computers, Inertial 
Navigation Systems and Infra Red Systems. 
Palo Alto, Cal., 809 San Antonio Road — 
openings in Carrier Systems. 


Federal Telecommunication 
Laboratories 


A Division of International Telephone 
and Telegraph Corporation 
500 Washington Ave., Nutley, N. J. 


28 minutes via bus from N. Y. C. 


Segepessekess 


East Coast Laboratory and Microwave Tower 
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Dynamic Programming,” by Richard 
Bellman; “Some Methods of Solutions 
of Boundary-value Problems of Linear 
Partial Differential Equations,’ Stefan 
Bergman; ‘Computational Aspects of 
Certain Combinatorial Problems,” by R. 
H. Bruck; “Numerical Results on the 
Shock Configuration in Mach Reflec- 
tion,’ by D. R. Fischbach; ‘Some Qual- 
itative Comments on Stability Consider- 
ations in Partial Difference Equations,” 
by S. P. Frankel, “Approximations in 
Numerical Analysis — A Report on a 
Study,” by Cecil Hastings, Jr., Jeanne 
Hayward, and James P. Wong, Jr.; 
“The Conjugate-gradient Method for 
Solving Linear Systems,” by Magnus R. 
Hestenes; “‘Number Theory on 
SWAC,” by Emma Lehmer; “The As- 
signment Problem,” by T. S. Motzkin; 
“The Method of Steepest Descent,” by 
P. C. Rosenbloom; ‘Function Spaces 
and Approximation,” by Arthur Sard; 
“Some Computational Problems in Al- 
gebraic Number Theory,’ by Olga 
Taussky; ‘Machine Attacks on Prob- 
lems Whose Variables Are Permuta- 
tions,” by C. B. Tompkins; ‘“Best-ap- 
proximation Polnomials of Given De- 
gree,” by J. L. Walsh; “Recent Results 
in Numerical Methods of Conformal 
Mapping,” by S. E. Warschawski; “On 
the Asymptotic Transformation of Cer- 
tain Distributions into the Normal Dis- 
tribution,’ by Wolfgang Wasow; “Er- 
ror Bounds for Eigenvalues of Symme- 
tric Integral Equations,” by Helmut 
Wielandt; and ‘On the Solution of Lin- 
ear Systems by Iteration,” by David 
Young. 


As the above titles indicate, this book 
is for the theoritician. Knowledge of 
such topics as complex variables is pre- 
sumed. It is doubtful whether the aver- 
age student engineering could derive 
much from this text, although the ma- 
terial would be of great interest to the 
person interested in the solution of class- 
ical problems through the usage of large- 
scale digital computing mechanisms. 


PULSE AND DIGITAL CIRCUITS, Jacob 
Millman and Herbert Taub, McGraw-Hill 
Book Co., 1956, $12.50, 687 pages 


The advent of television, radar, and 
large digital computers have aroused 
much interest in the area of pulse cir- 
cuitry. Previously most of the wave- 
shapes encountered were some variation 
of the sine wave or at least some regu- 
larly-recurring waveshape. These new 
circuits presented many new and unfa- 
filiar problems and often the answers 
were not readily available or were very 
confusing to the person not thoroughly 
familiar with the area. 

In this book, Millman and Taub have 
undertaken to cover the subject is a very 
comprehensive manner. Their success is 
evident to the reader throughout the 
book. Their approach is always thorough 


the. 


Pulse and 
Digital 
Circuits 


JACOB MILLMAN 


PROFESSOR OF ELECTRICAL ENGINEERING 
COLUMBIA UNIVERSITY 


HERBERT TAUB 


ASSOCIATE PROFESSOR OF ELECTRICAL ENGINEERING 
THE CITY COLLEGE OF NEW YORK 


McGRAW-HILL ELECTRICAL AND 
ELECTRONIC ENGINEERING SERIES 


although not doggedly rigorous. So often 
authors seek to prove their statements 
so rigorously that the point in question 
is often lost in the maze of the proofs. 
Written as a text, the approach is a wel- 
come relief from the usual torturous 
one. 

A short review of amplifier circuitry, 
especially feedback circuitry is included 
to standardize terminology and_ refresh 
certain points which may have been for- 
gotten. Following this is a section on 
linear wave shaping and amplification, 
then a section on nonlinear waves. 

The work-horse of pulse circuitry, 
the multivibrator, is next covered. Many 
of the illustrations include actual parts 
values to give the reader a better feeling 
for the material. Waveforms are shown 
throughout the section to better illus- 
trate the action of the circuits. 

Time-base generators are then cov- 
ered, both voltage and current types. 
Although somewhat short in length, this 
section provides sufficient detail for use 
in the usual scope and computer applica- 
tions. Pulse transformers are included, 
followed by an introduction to delay 
lines. 

The whole general area of digital cir- 
cuits are then covered, including various 
types of counting circuits, synchroniza- 
tion circuits, gates and comparators, and 
a little on computer logic and Boolean 
Algebra. 

The concluding section on transistors 
in computer circuits is perhaps one of the 
most comprehensive available. More and 
more, transistors are being integrated 
into computer design because of their 
small physical size and their low power 
requirements (and thus their reduced 
heat dissipation). 

This book is certainly worthwhile and 
would be an excellent addition to any- 
one’s library. It serves to remain a stan- 
dard reference text for a long time. 
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The Jet Propulsion Labora- 
tory is a stable research and 
development center located 
north of Pasadena in the 
foothills of the San Gabriel 
mountains. Covering an 80 
acre area and employing 
1700 people, it is close to 
attractive residential areas. 


The Laboratory is staffed by 
the California Institute of 
Technology and develops its 
many projects in basic re- 
search under contract with 
the U.S. Government. 


Opportunities open to quali- 
fied engineers of U.S. citizen- 
ship. Inquiries now invited. 


JOB OPPORTUNITIES 
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IN THESE FIELDS NOW 
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IMPORTANT DEVELOPMENTS AT JPL 


Weapons Systems Responsibility 


In the development of guided missile 
systems, the Jet Propulsion Laboratory 
maintains a complete and broad respon- 
sibility. From the earliest conception to 
production engineering—from research 
and development in electronics, guidance, 
aerodynamics, structures and propulsion, 
through field testing problems and actual 
troop use, full technical responsibility rests 
with JPL engineers and scientists. 

The Laboratory is not only responsible for 
the missile system itself, including guid- 
ance, propulsion and airframe, but for all 
ground handling equipment necessary to 
insure acomplete tactical weapons system. 


One outstanding product of this type of 
systems responsibility is the ‘‘Corporal,"’ 
a highly accurate surface-to-surface ballis- 
tic missile. This weapon, developed by JPL, 
and now in production elsewhere, can be 
found ‘‘on active service’ wherever needed 
in the American defense pattern. 

A prime attraction for scientists and 
engineers at JPL is the exceptional oppor- 
tunity provided for original research 
afforded by close integration with vital and 
forward-looking programs. The Laboratory 
now has important positions open for 
qualified applicants for such interesting 
and challenging activities. 


*. MECHANICAL, ELECTRICAL, 
CHEMICAL AND 
< AERONAUTICAL ENGINEERING 
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With Special Applications in these Fields... 
TELEMETERING, RADIO AND INERTIAL GUIDANCE, 
COMPUTER DEVELOPMENT, OPERATIONS RESEARCH 
AND SYSTEMS ANALYSIS, STRUCTURES, DYNAMICS, 
PROPULSION, CERAMICS, METALLURGY 

AND SOLID STATE PHYSICS. 


JET PROPULSION LABORATORY 
A DIVISION OF CALIFORNIA 


PASADENA 


INSTITUTE OF TECHNOLOGY 
CALIFORNIA 
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Keep Them Flying! 


The Civil Aeronautics Administration is studying proposals to 


The Civil Aeronautics Administration 
has been studying the problem of the 
deadly mid-air collision for many years. 
Only of late, particularly since the tragic 
TWA-UAL disaster over the Grand 
Canyon, has the CAA received any pub- 
lic or legislative support. The Air Trans- 
port Association and other organiza- 
tions are now working with the entire 
avionics industry in an attempt to per- 
fect an acceptable system. 

When one considers that two aircraft 
travelling at 700 mph and approach- 
ing head-on from ten miles apart have 
only 26 seconds in which to accomplish 
detection, pilot response, aircraft re- 
sponse, and evasion, it is not hard to 
realize the urgency of the problem. 

Automatic electronic detection — is 
necessary because of the short time in- 
tervals involved. Cooperative systems re- 
quire that all aircraft be equipped. This 
involves many technical and legal prob- 
lems—considering the high cost of the 
equipment. 

The self-sufficient system appears to 
be the answer, however, radar in its 
present form is much too heavy and 
too expensive. 

Much work needs to be done before 
the collision problem will be licked. 

Nearly half of the aircraft accidents 
in the last ten years were the result 
of mid-air collisions. The most shock- 
ing part of this fact is that nearly every 
collision occurred in VFR weather— 
not under conditions of poor visibility. 
The general public is of the impression 
that when the weather is bad flying 
becomes dangerous. Actually under these 
conditions is the only time that the posi- 
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* prevent air accidents and allow for more, faster and safer flights 


in the future with coming jet speeds. 


by Charles T. Jackson, Aero E. ‘57 


tion of every plane in the sky is known. 

During IFR weather, the CAA 
tracks each aircraft continuously until 
it lands, thus minimizing the collision 
hazard. The only possibilities for col- 
lision during IFR weather are the care- 
less instrument pilot who neglects to 
report or inaccurately reports his posi- 
tion, and the foolish pilot who flies with- 
out instrument training and equipment. 

There is such a great need for an 
anti-collision system that the Air Trans- 
port Assn. (ATA) has submitted a com- 
plete set of requirements for an ideal 
system to the avionics industry. 

Operational requirements include de- 
tection within 10 miles during cruise 
conditions (3 mi. while in holding pat- 
tern) and within + 800 ft. of the 
plane’s altitude—possibly up to + 5000 
ft. altitude, spherical coverage or at 
least coverage of the foreward hemi- 
sphere, a visual display showing direc- 
tion, altitude and distance, and audio 
warning when another aircraft ‘“‘pene- 
trates” pre-selected perimeters. The 
ATA would like alert warning of only 
collision hazards. ‘““This would be de- 
termined by a small trigonometric com- 
puter calculating what the ATA calls 
the collision triangle. ATA believes this 
added complexity is desirable so as not 
to annoy the pilot with needless warn- 
ings under high density conditions.” If 
all this is too complicated the ATA will 
settle for a warning device only. 


The Collision Avoidance Problem 


A. Detection and warning: 
The principle of the detection system 
will be discussed later in this paper. 


The criteria for determining whether 
or not a collision situation exists may 
be determined by analyzing the flight 
path mathematically. The two dimen- 
sional case will be used here, realizing 
that the principles involved could be 
extended to the 3-dimensional case. 


A coordinate system is set-up on Al. 
A(t) and As(t) are time derivatives of 
bearing angle and range. Note that 
either the condition of constant bearing 
or constant closure rate is sufficient for 
collision. Obviously, collision could be 
prevented if Al and A2 are at different 
altitude at all times. 


If both planes are at the same alti- 
tude and if A(t)<O, A2 will pass in 
front of Al. If A(t) >O, A2 will pass 
behind Al. 


These facts can be helpful in choos- 
ing the appropriate evasive maneuver. 
However, small values of A(t) and 
S(t) are hard for the computer to meas- 
ure without a large integration time 
since they vary so slowly. The electronic 
computer must extrapolate the flight 
paths to the theoretical collision point 
and then set off the warning, if neces- 
sary. 


B. Pilot Response Time 


This interval starts with the sound- 
ing of the warning signal and continues 
until the time the pilot starts manipu- 
lating the controls. This involves the 
time required to sight the “target,” plus 
the pilots reaction time. 


There are generally conceded to be 
seven elements in reaction time: 


THE TECHNOGRAPH 


a. An action of the stimulus on the 


end organ of sense preparatory to ex- 
citation of the sensory nerve. 


b. Centripetal conduction in this 


nerve. 


sible to subtract their sum 


c. Centripetal conduction in the spinal 
cord of power parts of the brain. 

d. Transformation of the sensory into 
motor impulse. 

e. Centrifugal conduction of the im- 
pulse in the spinal cord. 

f. Centrifugal conduction in the mo- 
tor nerve. 

g. Setting free of the muscular move- 
ment. 

The fourth factor (transformation of 
the sensory into the motor impulse) is 
most interesting to psychologists. The 
other six elements have been quite defin- 
itely determined so it is theoretically pos- 
from the 
entire reaction time and the amount 
left is the interval occupied by the cen- 
tral nervous processes. 

Reaction time varies with the sense 
organ which is stimulated. Under the 


most favorable conditions reaction time 


can scarcely be reduced to 1/10 of a 
second while it rarely rises above 2/10 
of a second. 

Reaction time for sight is longer than 
that of hearing or touch. 

Note particularly that item (d) above 
involve the decision as to whether evas- 
ive action should be taken or the ship 
continued “on course.” This decision 
time is a function of age, erperience, 
physiological factors such as fatigue, 
emotional factors, etc. 

It is a well known fact that total 
reaction time can be reduced by ‘“‘con- 
ditioning.” If the warning system could 
be designed so that the pilot hears vari- 
ous sounds according to the direction 
in which the other aircraft is approach- 
ing, and further, if a standardized set 
of evasion tactics were set-up, the pilot 
could be conditioned to the point where 
he initiates evasive action without con- 
scious thought. This parallels the man- 
ner in which a good driver, seeing the 
stoplight light on the car ahead, finds 
his foot “headed”? for the brake pedal 
before any evolvement of sconscious 
thought occurs. 

It is appropriate to touch upon the 
much discussed aircraft visibility prob- 
lem. At the high speeds which are now 
so common, closure rate is so fast that 
a few seconds lost in visually searching 
for the other aircraft may mean disas- 
ter. Most aircraft permit only very 
poor visibility. Transport cockpits virtu- 
ally are blind except for a wide, shal- 
low cone of vision ahead. Lack of win- 
dows above, below and behind the pilots 
causes part of this. Wing and engine 
nacelles cut down much of the rear- 
ward vision obtainable from the side 
windows that do exist. 

More windows could be cut in Con- 
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vairs and other transport types, a com- 
pany spokesman indicated. The modifica- 
tion would be expensive. Obviously, 
changes in the aircraft structure would 
be required. 


C. Aircraft Response Time 


This is the time lag of the aircraft 
control system plus the time required 
for the aircraft to respond to control 
surface deflections. Small aircraft with 
low velocity and small high speed air- 
craft which can tolerate high g¢ loading 
have control systems which have zero 
(direct mechanical systems) or negligi- 
ble system lag. However, large, heavy, 
highspeed transport and military aircraft 
usually use electric or electro-hydraulic 
actuators which require several seconds 
to fully deflect control surfaces. William 
Atkins, a Northwest Orient Airline 
pilot estimates that 3 seconds are re- 
quired for the pilot to respond and 12 
seconds for a transport type aircraft to 
respond once the controls are deflected. 


D. Evasive Action 


The most desirable type of evasive 
action depends upon the type and speed 
of the aircraft. In general, action on 
the part of the fastest ship is impera- 
tive, since a slow aircraft cannot get 
out of the way fast enough. Existing 
civil air regulations require that: 

“The aircraft which has the right-of- 
way will normally maintain its course 
and speed, but nothing in this part re- 
lieves the pilot from the responsibility 
for taking such action as will best aid 
to avert collision. When two aircraft of 
the same category are converging at ap- 
proximately the same altitude, each air- 
craft shall g ive way to the other which 
is on its right. When two aircraft are 
approaching head-on, or approximately 
so, each shall alter its course to the 
right. An aircraft that is being over- 
taken has the right-of-way .. .” 

In general, evasive maneuvers consist 
of turns, changes in altitude, or both. 
Most aircraft respond quicker to changes 
in altitude. However, in airline aircraft, 
pull-ups and push-overs are undesirable 
from the passenger comfort viewpoint. 

Also, note that civil air regulations 
do not specifically indicate which air- 
craft would execute the pull-up in the 
case of a head-on approach. It is not 
dificult to envision the results of a 
head-on approach when both pilots pull- 
up. Also, the pull-up invites a stalled 
condition, since kinetic energy is “‘trad- 
ed-off” for potential energy, thereby low- 
ering speed until added power can_be- 
come effective, and, in a pull-up, sight 
of the other aircraft is lost as soon as 
the nose of the plane is pulled above the 
horizon. However, the lowering of speed 
can be an asset since it lowers the clos- 
ure rate. 


Warning Systems 


Cooperative— 


In the cooperative system EVERY 
aircraft must be fitted with equipment 
which will announce its presence to 
other aircraft. As a refinement this 
equipment may transmit useful informa- 
tion such as altitude or speed. Other 
aircraft, equipped with the proper re- 
ceiving equipment would be warned of 
the oncoming plane and could locate it 
and take the appropriate evasive action. 


The fact should not be overlooked 
that the presence of a third aircraft 
emitting signals may “confuse” plane 
Al. Al will receive signals from both 
A2 and A3. It does not know whether 
the signal came from one, or several 
ships. Also, in the case of high speed 
aircraft considerable change in the re- 
ceived signal occurs because of the dop- 
pler shift. 


The cooperative system possesses an- 
other problem. As of 1953 there were 
some 23,00 planes flying without ANY 
radio equipment. It seems quite unlike- 
ly that these owners will willingly shell 
out hundreds of dollars for an anti-col- 
lision installation. If there were means 
to enforce the installation of this gear, 
what is to guarantee that the pilot will 
use it? Many planes have horns which 
sound if the engine is throttled and the 
landing gear is not down and locked, 
but some so-called experienced pilots 
switch off this safety device because its 
sound “bothers”? them. Consequently, 
we hear of occasional wheels-up land- 
ings. In the light of these facts, it seems 
desirable to turn to the so-called self- 
sufficient systems, i.e. those which do not 
depend upon transmissions from other 
aircraft or from the ground. 


A special problem is presented in the 
case of long-range overwater flights. The 
probability of collision is extremely low, 
but should one occur, it would be so 
disastrous that it is worth considerable 
expenditure to avoid even a one-in-a-mil- 
lion chance. Pilots on such flights usually 
desire considerable freedom in choosing 
their course and altitude. Hence, the 
obvious solution of channeling traffic is 
unworkable. The problem is made easier, 
however, by the fact that small private 
airplanes will not often be used, and that 
agreement as to standard equipment 
could probably be reached easily among 
the small number of major operators. 


Self-Sufficient Systems 


To date the only equipment in this 
class is airborne radar. 

The conventional radar sends out a 
pulse and measures the time until the 
pulse (reflected off of the target) re- 
turns. These pulses travel at very near- 
ly a constant velocity—that of light, 
and, therefore, the time for a complete 
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trip of the pulse is a measure of the dis- 
tance from the target. 

Presentation of information on this 
type of set is usually a cathode ray dis- 
play—which, incidentally, requires con- 
tinuous monitoring. 

The main objection to this type of 
radar is that clouds, ground clutter etc., 
all look alike to the inexperienced ob- 
server. 


Some method is required whereby ob- 
jects moving by the aircraft at the 
plane’s ground speed can easily be dis- 
tinguished from other aircraft. A radar 
based upon the doppler frequency shift 
will do just this. Instead of a “map” 
of the area appearing on the scope as 
with conventional radar, the doppler 
display is a graph of signal strength vs. 
doppler frequency. 

Ground, aircraft, and clouds, all have 
a different doppler frequency according 
to their velocity relative to the pro- 
tected ship. This fact makes it possible 
to filter out unwanted signals and even 
to eliminate the screen—substituting an 
audio warning indicator. 


The Collins Radio Co., is one of the 
fiirst to announce a proximity indicator 
designed specifically for that purpose— 
not a warmed-over weather radar. The 
Collins equipment features two ranges, 
spherical coverage, a unique information 
display, and evasion advice. 


Ground Controlled Traffic 

With the rapid increase in air traf- 
fic density of late it will be necessary 
to maintain rigid control of trafhe near 
terminals regardless of the type of anti- 
collision gear which is finally accepted. 

Several control systems are being de- 
veloped which track each aircraft as it 
enters the control zone, sets up a con- 
tinuous time-distance problem with each 
aircraft as a variable, solves the prob- 
lem, and disseminates the proper instruc- 
tions to the various aircraft, thus ex- 
pediting the smooth flow of traffic and 
reducing the necessity for “stacking” 
planes until their turn to land. 

The anti-collision gear should have 
provision 
perimeter while in the control zone, thus 
acting as a safety in case of failure of 
the ground system. 

This paper has attempted to briefly 
present the problem of mid-air collisions. 
No pilot, whether he be a Sunday aft- 
ernoon pleasure flier or a jet combat 
pilot, can rightfully feel that the col- 
lision is someone else’s problem. It in- 
volves the whole aircraft and electronics 
industry. 

The most acceptable system will be 
one that meets the usual rigid weight 
and space requirements, is reasonable in 
cost and provides full spherical cover- 
age; a very challenging problem! 


for reducing the protection 


Finally, the perfect system will yield 
protection near the ground. The landing 
trafic pattern can be the most danger- 
ous part of the flight. The writer speaks 
very feelingly on this point. 
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MODERN HIGHWAYS 
REQUIRE ACCURATE 
MEASUREMENTS 


Serves Big Esskay Plant 


in Baltimore 


The Wm. Schluderberg-T. J. Kurdle Company operates the 
largest meat packing plant on the East Coast. Their Esskay 
brand products are recognized as top quality. 

The refrigerating system at the Baltimore plant has lately 
been expanded with additional Frick equipment. This in- 
cludes three large compressors, operat- 
ing in two stages; liquid ammonia 
pumps; and 18,400 feet of galvanized 
square-finned pipe. Results have been 
more than satisfactory. 


FRICK COMPANY, Waynesboro, Penna. 


Get data now on 
Frick Graduate 

Training Course 
in refrigeration. 
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TV Credits 


High school seniors, through the med- 
ium of television, shortly will begin 
earning college credits toward degrees 
prior to entering college. They will ac- 
complish this in a new course presented 
by the State University of New York 
in co-operation with the Mohawk-Hud- 
son Council on Educational Television 
and General Electric Station WRGB. 

The course—the first credit offering 
via television in New York State—also 
will be available to qualified adults who 
will receive the programs at home. 

This experimental course, “Introduct- 
ory Geography” was hailed as “A mile- 
stone in educational television in New 
York State” by Dr. William C. Carlson, 
President of the State University of 
New York. It will supplement the non- 
credit educational television programs 
presented by the Mohawk - Hudson 
Council on Educational Television for 
the past four years on WRGB. 

The course will be available for two 
units of undergraduate college credit to 
selected high school seniors. A senior 
who passes the course may apply the 
credit to an undergraduate degree at 
Albany or at any other unit of the 
State University of New York offering 
an undergraduate program. He may also 
qualify for advanced standing in other 
colleges depending on the policies and 
regulations of the institutions concerned. 
The televised course thus provides high 
schools in the area with an opportunity 
to enrich the educational programs in 
their most able senior students. High 
schools that wish to participate in this 
experimental program, are encouraged to 
do so. 

Introductory Geography is offered in 
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Headlines 


the regular session of the State Univer- 
sity’s College for Teachers for its under- 
graduate students. The televised course, 
GEOGRAPHY V4, is designed to pro- 
vide adults and advanced high school 
seniors with a basic understanding of our 
world as the home of man. It studies 
particularly the distribution of popula- 
tion over the earth and surveys the var- 
ied relations developed between man and 
his physical environment. 


UI Photog in Biog 


An introduction and 35 photographs 
by Prof. Ralph Marlowe Line of the 
University of Illinois department of 
architecture are included in a new edi- 
tion of Louis H. Sullivan’s book, ‘The 
Autobiography of an Idea.” 

Prof. Line selected the illustrations 
from his collection of nearly 1,000 pho- 
tographs of the work of the famed Chi- 
cago architect who revolutionized mod- 
ern American architecture. The photo- 
graphs taken by Prof. Line over a period 
of more than nine years, have been 
shown at the University of Illinois and 
other architectural schools. 

The new edition of the Sullivan work 
marks the 100th anniversary of the arch- 
itect’s birth. The book was first pub- 
lished in 1924, the year of Sullivan’s 
death, and has been out of print. 


Gunpowder and Aircraft 


Lockheed scientists set their sights on 
a new manufacturing target—how to 
produce aircraft with the aid of new 
“explosive tools.” 

It’s a modern, constructive applica- 
tion of the ancient Chinese invention of 
gunpowder. 

“Explosive-forming tests under way at 


Lockheed may provide answers to manu- 
facturing problems involved in tomor- 
row’s faster airplanes,’ Vice President 


Burt C. Monesmith of Lockheed’s Cali- 


fornia Division said. 


One of the cheapest, most powerful 
and most easily controlled sources of 
power—gunpowder—is being investigat- 
ed in manufacturing experiments on 
high-speed shaping of metals. 


Tools in the new research program 
employ explosives ranging from a .22 
caliber rifle cartridge all the way 
through mountains. 

The research program shows that ex- 
plosives-forming techniques, even if 
widely adopted, would involve less noise 
than that made by a silencer-equipped 
rifle. 

Monesmith said preliminary research 
indicates the possibility these explosives 
may be prime factors in solving manufac- 
turing problems of hypersonic aircraft. 

As aircraft go faster they will have to 
be made extremely high-strength, heat- 
resistant metals to thwart the thermal 
thicket, he explained. They will have to 
be absolutely smooth—a ridge as slight 
as a rivet head may produce intolerable 
instability in flight. 

“Explosive-forming appears to be a 
logical answer for shaping these hard 
and difficult-to-form metals into com- 
plex contours devoid of riveted attach- 
ments,’ Monesmith declared. 

This method involves socking metal 
with forces from shock waves traveling 
18,000 miles an hour. 

“When you consider that today’s Air 
Force F-104 ultrasonic jet fighter has 
brought aviation right up to the thermal 
barrier, this research program takes on 
tremendous — significance,” Monesmith 
pointed out. 

At Lockheed’s Burbank plant a small 
group of men led by George Papen is 
working on the explosive-forming devel- 
opment project. 

Their laboratory is a concrete bomb 
shelter left over from World War II. 

One of the problems in drilling the 
new, harder metals in sheet form for air- 
craft, the Lockheed researchers pointed 
out, will be that the sheet metal will be 
as hard as the drills themselves. 

The manufacturing experts came up 
with an experimental tool—a converted 
stud driver of the type currently used to 
sink fastening devices into concrete. 

It is captive-piston gun actuated by .22 
caliber stud driver shells. When fired, 
the piston protrudes only slightly from 
the end of the gun muzzle, then re- 
tracts to firing position for the next 
shot. 

Another phase of the Lockheed re- 
search program is forming sheet metal to 
the shape of a die by the use of pressure 
from both “low” and “high” explosives, 
Monesmith reported. 
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Low explosives burn rather than ex- 
plode. In so doing they produce gas 
which expands to the needed pressure. 
These range from extremely slow 
blasting powder to high-velocity pistol 
powder. 

High explosives function by instan- 
taneous decomposition rather than by 
burning. They are detonated by the 
shock of a primary explosive. 

Yet the process involves “no more 
danger than many accepted methods of 
fabrication currently used throughout 
the industry,” it was reported. 


Other companies in the aircraft indus- 
try are studying the “indirect”? method 
— application of explosives combined 
with tooling, such as adding explosive 
power to drop-hammer action for great- 
er effectiveness. But in Lockheed’s in- 
vestigation the explosive force is applied 
directly to the metal parts. 

While experiments at Lockheed thus 
far have indicated that explosive-forming 
of metals could be a safe and economical 
method of aircraft fabrication, producers 
of equipment and tools must also give at- 
tention to the basic techniques now 
under study, Monesmith said. 

Major breakthroughs in technology 
are essential if advanced types of ‘aircraft 
fabricated of hard alloys are to main- 
tain the strength-to-weight ratio of cur- 
rent aluminum alloys used in aircraft 
construction, he concluded. 


Rocket Engine 


The use of a liquid propellant rocket 
engine to accelerate 5000-lb. test vehi- 
cles to 900 miles per hour in 4-2 sec- 
onds was revealed by Rocketdyne, a 
division of North American Aviation, 
Inc. 

Rocketdyne, the nation’s leading pro- 


ducer of high-thrust rocket engines, 
said their supersonic engines have been 
in use at Edwards and Holloman Air 
Force Bases for more than four years 
in connection with missile and aircraft 
development programs. Used on test 
sleds, the engines produce between 35,- 
000 and 50,000 Ibs. of thrust, or rough- 
ly 120,000 horsepower. Rocketdyne en- 
gineers said this much power would 
move 600 automobiles at 90 miles per 
hour. 


They added that one of their engines 
has been successfully fired at Edwards 
Air Force Flight Test Center’s High 
Speed Track more than 120 times, most- 
ly at supersonic speeds, indicating the 
high firing reliability which has beer 
achieved in the operation of large liquid 
rocket engines. 


Using both liquid and solid propellant 
rockets, the Air Force and aircraft con- 
tractors have been able to test aircraft 
ejection seats and canopies, parachutes, 
rain erosion and aerodynamic stresses on 
plane and missile components on the 
tract, avoiding the complications of con- 
ducting such tests aloft. 


Rocketdyne described the sled engine 
as a nitrogen pressurized system using a 
propellant mixture of alcohol and liquid 
oxygen, whereas liquid propulsion  sys- 
tems for today’s missiles utilize a gas 
generated turbopump for the delivery of 
propellants into the thrust chamber for 
combustion. 


The propellants, pressurized at 3000 
lbs. per square inch, are introduced by 
high speed valves into the thrust cham- 
ber through an injector plate as multiple 
holes in the plate, drilled at various 
angles, effectively mix fuel and oxidizer 
for the most efhcient combustion combin- 
ation. ‘he mixture burns at approxi- 
mately +700 degrees F at full thrust. 


THIS NEEDLE-NOSED PUSHER SLED, RECEIVING 50,000 lbs. 


of thrust from 


Rocketdyne liquid propellant engine, hits water brake at Edwards Air 
Force Flight Test Center at end of 8,000 foot sled run. 
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Sound Microscope 


Secrets hidden from the eyes of man 
since the beginning of time may be re- 
vealed by a new device being developed 
at the University of Illinois. It is a 
“sound microscope.” 

The idea is to pass sound at fre- 
quencies so high it cannot be detected by 
human ears through objects, much ag 
light, x-rays, or electrons are passed 
through by devices now in use, with the 
thought that sound may reveal new dif- 
ferences and boundaries. 

The research is being sponsored by the 
American Cancer Society and carried out 
in the University’s Biocoustics Labora- 
tory under the direction of Prof. Wil- 

«liam J. Fry, who says that completion of 
the project is at least five years away. 

After ultrasound passes through the 
object being studied, it is detected by a 
heat-sensitive thermocouple buried in a 
tiny bit of material which is heated by 
the sound waves. 

Research at Illinois has proved the 
idea will work. Now the scientists are 
improving the techniques involved. Later 
they will develop ways to “scan” the 
object with the heat-sensitive probe. Re- 
sulting electrical impulses may be made 
visible through a cathode-ray screen or 
by other means. 


TV and Atoms 


A closed circuit television camera is 
being groomed by General Electric en- 
gineers at the Hanford atomic plant for 
the ticklish task of patrolling the rear 
face of an atomic reactor. 

Designed to move automatically along 
a monorail near the wall of the reactor, 
the camera will transmit a picture of 
reactor components to an operator seated 
at a console behind thick radiation 
shielding. 

Television already has been tried suc- 
cessfully in a Hanford building where 
the nuclear fuel plutonium is extracted 
from fissioned uranium, but this test 
marks the first attempt to use TV at a 
reactor site. 

Use of the camera is expected to speed 
maintenance jobs by making it possible to 
pinpoint trouble spots before special 
work crews are sent into the area. 

The camera will move along the mon- 
orail, examining pipes for leaks, and ob- 
serving fuel elements as they are re- 
moved during discharge operations. It 
will afford closer supervision of work 
details and will eliminate the present 
use of a cumbersome set of mirrors to 
see around the protective labyrinth which 
shields against radiation. 

The camera is installed in a protective 
metal box where its lens peers out 
through a safety glass window. If mo’s- 
ture collects on the window, an auto- 
motive-type window wiper wipes it 
clear. A floodlight on each side of the 
camera box provides illumination. 
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located at Shippingport, Pa. 


Equipped with a pan and tilt mechan- 
ism, the TV camera can be turned or 
“tilted” simply by moving a switch at 
the control panel. By combining the fea- 
tures of a vertically-movable monorail 
with the pan and tilt apparatus, General 
Electric engineers have provided a means 
of gaining complete camera coverage of 
the entire face of the reactor. 

The TV _ picture is transmitted 
through coaxial cables to the control 
room monitor where it is displayed on a 
monitor similar to a hometype TV re- 
ceiver. The same picture is transmitted 
to a 21-inch viewer near the front face 
of the reactor to inform other workers 
of progress at the rear of the reactor. 

The camera contains a vidicon tube, 
amplifiers, and optical lens with focusing 
system. The lens is focused remotely 
from the control point by an electrically 
driven focusing mechanism. 

Its remote operation is considered its 
outstanding feature. With it, a thorough 
inspection of a reactor’s rear face can be 
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WESTINGHOUSE 100,000 KW GENERATOR for civilian atomic 


power plant 


conducted, unhampered by the presence 
of radiation which would make it impos- 
sible for workers to remain in the area 
for more than a short time. 


Civilian A-Power 

Bound for Shippingport, Pa., site of 
the world’s first full scale atomic power 
plant devoted exclusively to serving civil- 
ian needs, this 100,000-kw generator 1s 
prepared for shipment at the East Pitts- 
burgh plant of Westinghouse Electric 
Corporation. Shown being lowered onto 
a flatcar by two traveling cranes, the 
202-ton generator measures nearly 29 
feet in over-all length. When installed at 
the Shippingport site, the unit will not 
be housed in a building—the first such 
installation of its type in this part of 
the country. Duquesne Light Company 
of Pittsburgh is building the electric 
generating part of the Shippingport 
plant and will operate the over-all plant. 
Westinghouse is also designing and 
developing the plant’s nuclear reactor 


under contract to the Atomic Energy 
Commission. The Shippingport plant is 
expected to be in operation in 1957. 


Archie Fellowships 
Francis J. Plym travelling fellowships 
in architecture and architectural engi- 
neering have been awarded to three 
graduates of the University of Illinois, 
Prof. Alan K. Laing, chairman of the 
architecture department, has announced. 
Jack Mitchell Goldman, 1951 grad- 
uate of the University, was named the 
36th Plym Fellow in Architecture. He is 
currently employed in the office of Eero 
Saarinen and _ Associates, Bloomfield 
Hills, Mich. Donald E. Sporleder, 1953 
graduate and at present of the Illinois 
architecture faculty, was named as alter- 
nate. : i @ 
Because no Plym award in architec- 
tural engineering was made in 1956, two 
were awarded this year. They went to 
Joseph Robert Deshayes, currently em- 
ployed by Walter P. Moore, consulting 
engineer, Houston, Texas and to George 
W. Reihmer, of Chicago, in practice in 
partnership in the firm of Wahlgren, 
Reihmer, and Larson. = 
The Fellowships established by an II- 
linois architectural alumnus of 1897, 
Francis J. Plym, founder of the Kaw- 
neer Co., Niles, Mich., carry a stipend 
of $1,700 for study and travel in 
Europe. They are awarded on the basis 
of academic achievement and professional 
development since graduation. 


Big Transformers 


The last of six single-phase autotrans- 
formers, largest ever built by the Gen- 
eral Electric Co., was shipped recently 
from the Power Transformer Depart- 
ment at Pittsfield, Mass. 

Each of the big units, rated 200,000 
kilovolt amperes and weighing 205 tons, 
was built with a one-piece tank and 
transported upright. They will be used 
to step the voltage up and down between 
345,000 and 230,000 volts on the Bon- 
neville Power Administration system in 
the Pacific Northwest states. 

Autotransformers change _ voltage 
without electrically isolating the incom- 
ing and outgoing electrical circuits, since 
part of the single winding is common to 
both. They generally cost less than con- 
ventional power transformers with sep- 
arate, insulated windings. 

Their use at high transmission volt- 
ages, with attendant savings to utilities, 
has been made possible by recent research 
findings in insulation and protection 
against overcurrents. ‘Thyrite resistors, 
pioneered by General Electric, help pro- 
tect the autotransformers from high volt- 
age lightning and switching surges. Vhy- 
rite is a special material which acts as 
an insulator under normal operating 
conditions but becomes a conductor when 
voltage exceeds a predetermined value. 
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Can you tell which men are 


“GOING PLACES”? 


Perhaps all of them—and you, too—will go places, if you get 
started in the right place after graduation! 

Thompson Products tries to make sure that you get started in 
the right place—either on a specific job, or in training for one, 
whichever seems better for you. 

Thompson’s diversification gives you many choices: Mechani- 
cal, Electrical, Electronic, Nuclear, Metallurgical, Aeronautical 
or Industrial Engineering . .. Physics or Mathematics . . . Manu- 
facturing ... Research and Development . . . Industrial Manage- 
ment... Business Administration . . . Industrial Accounting 
. .. Purchasing. 

We feel that Thompson’s reputation as a “growth company” 
is largely due to the attention given for many years to concen- 
trated research, development and improvement of products and 
methods. Today Thompson is engineering and manufacturing 
for the automotive, aircraft, industrial and electronic markets. 

Thompson is a “big” company, employing over 25,000 people 
—at the same time it is “small” in that each of its many 


divisions operates as a company in itself, where you are an 
important individual. 

Able, understanding technical supervisors work with you at 
Thompson, men who are moving ahead just as you are. They 
know the kind of help a man needs when he’s starting on a new 
job, at the beginning of his career. 

We invite you to discuss your career with us. You may wish 
to check first with your Placement Director, to ask him about 
Thompson—then write to Ray Stanish, Manager, Central Staff 
Placement, Thompson Products, Inc., 1845 E. 30th St., Cleve- 
Jand 14, Ohio. 


Thompson 
AN Products 


men who GO with Thompson GROW with Thompson 
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Engineering 


Enrollments 


Growing Like Hotcakes 


More students are preparing for engi- 
neering careers this year than at any 
time since 1948, 


Figures compiled by the U.S. Office 
of Education (U. §. Department of 
Health, Education, and Welfare) and 
the American Society for Engineering 
Education, published today by the Soci- 
ety, show a total of nearly 243,000 
studying in accredited engineering col- 
leges last fall. 

This total is almost equal to the all- 
time high of 1947, when the colleges 
were jammed with World War II vet- 
erans. And today’s trend is still upward. 

These increasing numbers, says Dr. 
—W. L. Everett, Dean of the College of 
Engineering at the University of Illinois 
_ and President of the American Society 
for Engineering Education, emphasize 
the “overwhelming problem” of engi- 
- neering colleges: a shortage of qualified 
teachers to meet predicted needs. 

Industry seeking more engineering 
graduates than it finds in college place- 
ment offices may take heart in this year’s 
figures. The enrollment of — senior 
(fourth-year) students in engineering 
this fall was up 20% over 1955, when 
graduates numbered nearly 24,000. 

Engineering students this year amount 
to 12.5% of the total of men attending 
colleges, compared with 12.1% a year 
ago. ‘‘Engineering enrollment has shown 
steady and accelerated year-to-year in- 
creases since 1951,” says Dr. Henry H. 
Armsby, Chief for Engineering Educa- 
tion in the Office of Education. 

Dr. Armsby and Sidney J. Armore, 
Chief of the Office of Education’s Sta- 
tistical Services Section, collaborated to 
prepare the engineering enrollment sta- 
tistics, obtained with the cooperation of 
the American Society for Engineering 
Education and scheduled for publication 
this month in the Society’s Journal. 

The figures published today cover all 
institutions in which one or more engi- 
neering curricula are accredited by the 
Engineers Council for Professional De- 
velopment, the nationally - recognized 
professional accrediting group. The Of- 
fice of Education will soon publish fig- 
ures covering all the nation’s engineering 
schools, both accredited and non-accred- 
ited. 

Dean Everitt calls this year’s figures 
“encouraging.” But, he says, ‘the grow- 
ing importance of technology and _ its 
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increasing applications in industry and 
defense mean that the demand for well- 
educated engineers must continue to rise. 
America’s engineering colleges must find 
the means, both financial and physical, 
to meet the growing needs which today’s 
figures forecast.” 

Graduate studies in engineering also 
show a rapid gain in popularity, though 
the numbers involved are still small. 
This year’s 22,240 master’s degree stu- 
dents is 20.8% more than the number 
last year, the largest increase reported 
in any category in this year’s survey. 
About 3,400 students are working 
toward doctor’s degrees in engineering 
this year (up 7.6%). 


Engineers graduating with bachelor’s 
degrees during 1955-56 totalled 234,547, 
compared with 20,200 in the previous 
year. In 1949-50, when the peak of 
World War II veterans were finishing 
their college careers, 48,160 engineers 
were graduated. But the numbers de- 


clined rapidly after that, and especially 
since the Korean War the nation has 
been feeling an increasing pinch in the 
supply of competent talent. 

Mechanical engineering is the most 
popular field among engineering gradu- 
ates of the last eight years, followed 
closely by electrical engineering and then 
by civil, chemical, and industrial engi- 
neering, in that order. 

But electrical engineering is today’s 
most popular field, and 20% of this 
year’s undergraduates expect to take 
electrical engineering degrees. Nearly 
17% are in mechanical engineering, and 
civil, chemical, and aeronautical engi- 
neering (rising rapidly in popularity, 
too) follow in that order. Electrical and 
aeronautical engineering are growing 
fastest as college students’ choices. 

The same five fields figure in mas- 
ter’s degree students’ choices, with elec- 
trical engineering leading and mechan- 
ical, chemical, and civil following close- 
ly. 

The highest number of doctor’s de- 
grees awarded during the past eight 
years has been almost consistently in 
chemical engineering, with electrical en- 
gineering second, mechanical third, me- 
tallurgical fourth, and civil engineering 
fifth. : 

The full report on 1956-57 enroll- 
ments is published in the March, 1957, 
number of the Journal of Engineering 
Education, official ASEE monthly. 


Conference to Discuss 


Young Engineer's Growth 


Professional development of the young 
engineer will be the theme of the 1957 
annual meeting of the National Society 
of Professional Engineers in Dallas, 
Texas, June 5-8. 

The affair will be the 23rd annual 
meeting of the National Society. Several 
hundred senior engineering students 
from Southwestern colleges will attend, 
along with NSPE members from all 
over the country. 

A highlight of the meeting will be a 
one-day series of conferences on the pro- 
fessional development of young engineers 
in industry, provate practice, govern- 
ment, and education. The conferences, 
scheduled for June 7, will feature panel 
discussions and question and answer ses- 
sions led by leading engineers in each 
field. 

Moderated by Wayne E. Adult, chair- 
man of the NSPE Engineers-in-Industry 
Subcommittee, the conference on young 


engineers in industry will have a panel 
made up of the following: “Guiding the 
Young Engineer Toward His Greatest 
Potential;” “Solving the Problems of 
Young Engineers Through a_ Profess- 
ional Approach;” ‘Professional Ad- 
vancement on the Technical Ladder ;” 
and “Evaluating the Young Engineer.” 
At the conclusion of the conferences 
on June 7, the National Society will 
present the results of the latest executive 
research survey made under the sponsor- 
ship of the Professional Engineers Con- 
ference Board for Industry. The survey 
covers nonsalary motivations of the pro- 
fessional engineer in industry. 
Conducted by the Opinion Research 
Corporation of Princeton, N.J., the sur- 
vey report is based on extensive personal 
interviews with several hundred engi- 
neers employed in representative indus- 
trial firms. The detailed “depth” inter- 
views were designed to elicit information 
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about the factors motivating engineers 
who have been employed in industry at 
three levels of career experience—four 
to eight years, 10 to 15, and over 25. 


The results of the survey will be pub- 
lished in booklet form and distributed 
throughout industry. The four previous 
reports developed by the Conference 
Board, a non-profit, educational and re- 
search organization, dealt with engi- 
neering-management communications, at- 
tracting and holding engineering talent, 
engineer training in industry, and the 
utilization of engineering manpower. 


During the three days of professional 
meetings, the officers and members will 
discuss federal policy regarding the 
teaching of mathematics and science in 
the high schools, problems of engineering 
schools, the ideal registration law devel- 
oped by the Society, and a full agenda 
of other matters concerning the engi- 
neering profession. 


Recruiting Methods Sharply 
Scored 


Concerned that the great demand for 
engineering graduates will lead to ex- 
cesses in college recruiting, the American 
Society for Engineering Edycation and 
the Midwest College Placement Asso- 
ciation have joined to prepare a new 
“code of ethics” on Recruiting Practices 
and Procedures. 


The code says - in effect - that indus- 
try, colleges, and students must especially 
seek to be prompt, businesslike, and 
honest in their placement activities be- 
cause of the temptations of today’s keen 
demands for graduates. 


Employers should avoid “elaborate 
entertainment and overselling.” There 
should be no “special payments, gifts, 
bonuses, or other inducements,” nor 
should there be reward for a third party 
who may prevail upon a student to ac- 
cept an employment offer. 


On their side, students “should not 
hoard or collect job offers.” When a stu- 
dent accepts an offer he should let 
other prospective employers know his 
decision and he should ont accept addi- 
tional interviews. Students invited to 
visit plants or company headquarters 
should decline unless “sincerely inter- 
ested”’ in working for the company, and 
their expense sheets for such trips should 
include only expenses directly concerned. 


The colleges can help, says the new 
report, by encouraging both students and 
interviewers to be businesslike, by dis- 
couraging “indiscriminate shopping,” by 
competently advising (but not “unduly 
influencing”) students, and by giving 
interviewers complete information about 
graduating students. 

The new “code of ethics’ revises a 
March, 1949, publication of the Ameri- 
can Society for Engineering Education. 
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In a foreword to the new booklet, C. J. 
Freund, Dean of the College of Engi- 
neering at the University of Detroit 
and Chairman of ASEE’s Committee on 
Ethics, says, “Industrial employers are 
actively competing for the services of 
engineering graduates. In the stress of 
competition some employers have devel- 
oped procedures which appear improper 
to others, particularly those with longer 
experience in visiting-colleges to inter- 
view seniors. 


“We hope that some of the present 
difficulties may be overcome by the new 
‘code of ethics,’ adjusted to new condi- 
tions, in th esame way that a previous 
publication was instrumental in solving 
similar problems of 1949,” says Dean 
Freund. 


Copies of the new “code of ethics,” 
Recruiting Policies and Procedures, are 
available from the Secretary of the 
American Society for Engineering Ed- 
ucation, University of Illinois, Urbana. 
Single copies are priced at 25 cents each; 
but substantial discounts are given for 
quantity purchases. 


Talent Shortage May 
Revise Plans 


American industry may have to revise 
its battle plans in the fight to relieve 
the current shortage of engineering tal- 
ent. This is one conclusion drawn from 
the results of a survey published today 
by The American Society of Mechanical 
Engineers. 


The survey, conducted at the annual 
meeting of ASME in New York last 
November and recently tabulated indi- 
cates that the majority of the engineers 
who answered think that industry should 
put more emphasis on increasing the 
productivity of engineers already em- 
ployed. This would be in addition to 
continuing efforts to increase the num- 
ber of students graduated by engineering 
colleges each year. 


In response to the question, ‘“‘What 
measures do you think should be taken 
to end the shortage of engineering man- 
power?” 65 per cent of the answers sug- 
gested changes in current industrial prac- 
tices. 

In the order of frequency these steps 
dealt with: 

1. Providing engineers employed in in- 
dustry with more technical assistants 
and clerical help, thereby freeing pro- 
fessional men for more creative work. 
(31%). 

2. Increasing salaries to make the pro- 
fession more attractive to youngsters and 
to qualified engineers who have been 
lured to other fields by higher pay. 
(21% 

3. Improving the recognition and pres- 
tige accorded to engineers for their con- 
tributions to the economy. (12.5%). 


Tabulations were based on a total of 
880 men who said that they hold a de- 
gree in engineering. An additional 130 
who attended the meeting and answered 
the questionnaire but did not claim an 
engineering degree were tabulated sep- 
arately. 

Commenting on the survey Dr. Wil- 
liam F. Ryan, president of ASME said, 
“Tt is apparent to me, from these re- 
sults, that many efforts remain to be 
made by American industry before we 
can say we are doing all we can. The 
idea that engineers need more sub-pro- 
fessional assistance is a recurring one. 
So is the suggestion of higher salaries, 
despite the fact that starting incomes, 


‘sat least, are at an all-time high for the 


profession. In my own opinion the most 
urgent salary problem is the compensa- 
tion of teachers in engineering schools. 
Without competent teachers we shall 
have no engineers.” 

“Most fundamental perhaps, is the 
well-founded feeling that engineers and 
their contributions to our economy are 
not sufficiently appreciated. We live in 
the Age of Technology—the Age of the 
Engineer—but very few people know 
of the immense achievements of this pro- 
fessional group.” 

“Tt is probably fair to say that the 
bulk of industry’s efforts resulting from 
this shortage have been aimed at recruit- 
ing more engineers for their own com- 
panies and in long-range efforts to en- 
courage more men to enter the profes- 
sion,’ Dr. Ryan continued. ‘Now it 
appears that we could use more efficiency 
in utilization of engineering talent right 
in our own engineering departments.” 


Fifteen per cent of the respondents 
suggested that the shortage could be 
alleviated by encouraging youngsters to 
enter the profession. An additional twen- 
ty per cent of the answers were classi- 
fied under such headings as: 


Improve high school courses 3. per 
cent, improve college courses 3 per cent, 
give financial support to colleges 1 per 
cent, and miscellaneous 9 per cent. 


Additional questions on the survey 
dealt with the adequacy of high school 
and college education. 


About 80 per cent said that the high 
schools which they had attended did a 
“good” or “superior” job in preparing 
them for an _ engineering education, 
while an additional 17 per cent said 
that their high schools were “fair”? and 
3 per cent said “poor.” Following this 
however, half of the engineers said that 
today’s high schools are not doing as 
good a job as their own had done. 

Engineering colleges fared somewhat 
better, with 90 per cent saying their 
alma maters did a good or superior job 
in preparing them for the profession of 
engineering, 9 per cent saying fair and 
only | per cent saying poor, 
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an the Turbine Engine 
o the Job Better? 


Turbines may replace internal combustion engines in your 


car. What makes them tick and why haven't they 


been used more widely before? 


We all have observed the rapid de- 
velopment of the gas turbine in recent 
years. For many years, the internal com- 
bustion engine has served as a prime 
source of power especially in the auto- 
motive industry. It is expected that soon 
cars will be equipped with gas turbines 
instead of the I. C. engine. Of what 
advantage is the gas turbine then over 
the long dependable I. C. engine, and 
if so, what are its disadvantages ? 

In both types of prime movers, com- 
bustion takes place within the power 
producing unit. I. C. engines show a bet- 
ter utilization of heat energy from the 
fuel than gas turbines and_ therefore 
have a higher thermal efficiencies. Since 
the cycle of an I. C. engine occurs with- 
in a closed cylinder, minimum heat losses 
occur from fluid friction and turbulence. 
In the gas turbine fluid velocities are 
high, since a continuous flow compressor 
is employed; thus high thermal losses. 

Auxiliary motors are required to start 
both types of engines, although a smaller 
motor may be used with a turbine. On 
small types of turbines, a hand crank is 
sufficient for starting. 

The heat energy from the fuel is con- 
verted into power at the rotating shaft 
of a gas turbine without any reciprocat- 
ing motion, cutting down on quite a 
loss of power due to the mechanical 
friction and inertia that occur in the 
tC. engine, 

There are no problems of fuel injec- 
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by Robert Heil, M. E. ‘57 


tion and cylinder lubrication in turbines. 
This calls for auxiliary equipment that 
generally draws on the power input low- 
ering the output. 

Most internal combustion engines are 
cooled by a system of water flowing 
around the cylinders. Unless intercool- 
ers are used between compressors, cool- 
ing water is not necessary in the gas 
turbine. Gas turbine blades are made to 
withstand high temperatures, and the 
high fluid velocities carry off quite a 
bit of the heat. Supply of cooling water 
is generally a problem in larger I. C. 
engines. 

The gas turbine is able to operate 
with a lower grade of fuel oil than is 
possible with a Diesel engine. Even 
waste gases may be utilized as fuel. Be- 
cause of the effort to obtain the high 
compression ratios necessary for good 
efficiency, the fuel specifications for the 
gasoline engine have become increasing- 
ly costly and difficult to meet. 

Gas turbines require a high degree 
of workmanship and therefore cost more. 
Blades have to be precision-made and 
properly balanced so high rpm’s can be 
obtained. A high rpm results in a high 
centrifugal force on the blade. This is 
partially overcome by the process of 
staging. As soon as the gas turbine be- 
comes more practical, due to further de- 
velopment, they will probably be pro- 
duced on a larger scale at a lower cost. 
In general, maintenance is lower for a 
gas turbine. 


In some industrial applications, the 
ability of a power plant to furnish com- 
pressed air, hot air, hot water, or steam, 
as well as power, may be the decisive 
factor in its selection. Internal combus- 
tion engines may be adapted to perform 
most of these duties, but not as easily 
as gas turbines. Huge quantities of hot 
air are expelled by turbines at a steady 
flow rate, and this is practical, especially 
in drying applications. Hot water can 
most favorably be produced in the closed 
cycle plant and steam producing appar- 
atus is easily adaptable. 

A purely rotative machine will cause 
less vibration than one of reciprocative 
nature. Vibration causes fatigue of parts 
and noise. Although vibration is much 
less in gas turbines, fatigue problems are 
not minimized, since other forces enter 
into the picture. Noise is definitely a 
disadvantage of the present day gas tur- 
bine. Large volumes of air are moved 
to and from the atmosphere at high ve- 
locities, sometimes in the supersonic 
range, and a high pitched shriek pre- 
vails. Taking size as a criterion, we 
find a definite distinction. Since losses 
of a turbine are due mainly to fluid 
friction against the channel surfaces, 
there is a tendency toward inefhciency 
as size is reduced. Losses of an internal 
combustion engine change very little 
with size, but difficulties in cooling do. 
As the engine size increases so do the 
cooling difficulties. It seems then that 
gas turbines would be more applicable 
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YS S outstanding design SERIES 


birth of a satellite 


Most new ideas, like this inhabited satellite, start 
out as drawings on a sheet of paper. Here artist Russell 
Lehmann shows the first step in building the space 
station proposed by Darrell C. Romick, aerophysics 
engineer at Goodyear Aircraft. 


Two ferry ships, one stripped of rocket units, are 
joined end to end. As others are added, this long tube 
forms temporary living quarters for crews. Eventually, 
outer shell will be built around core, making com- 
pleted station 3,000 fect long, 1,500 feet in diameter. 


No one can be sure which of today’s bright ideas 
will become reality tomorrow. But it is certain that 
in the future, as today, it will be important to use 
the best of tools when pencil and paper translate a 
dream into a project. And then, as now, there will be 
no finer tool than Mars — from sketch to working 
drawing. 

Mars has long been the standard of profes- 
sionals. To the famous line of Mars-Technico push- 
button holders and Icads, Mars-Lumograph pencils, 
and Tradition-Aquarell painting pencils, have re- 
cently been added these new products: the Mars 
Pocket-Technico for ficld use; the cficient Mars lead 
sharpener and “Draftsman’s” Pencil Sharpener with 
the adjustable point-length feature; and — last but 
not least — the Mars-Lumochrom, the new colored 
drafting pencil which offers revolutionary drafting 
advantages. The fact that it blueprints perfectly is 
just one of its many important features. 


The 2886 Mars-lumograph drawing pencil, 19 
degrees, EXEXB to 9H. The 1001 Mars-Technico 
push-button lead holder. 1904 Mars-lLumograph 
imported leads, 18 degrees, EXB to 9H. Mars- 
lumochrom colored drafting pencil, 24 colors. 


JS.) §/TAEDTLER, INC. 


HACKENSACK, NEW JERSEY 


at all good engineering and drawing material suppliers 
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to larger power applications and I. C, 
engines to smaller power applications. 


In the field of road or rail trans- 
portation, the load imposed on the power 
plant may be made up of any torque and 
speed. High torque at zero speed. for 
starting, high torque at low speed for 
pulling up a hill, low to moderate torque 
at high speed for level cruising, and 
negative torque for braking, are exam- 
ples. The characteristic of I. C. engines, 
that of having poor torque at low speed, 
necessitates a variable speed transmis- 
sion of some kind. The turbine, on the 
other hand, has a stalled torque which 
is much larger than its running torque 
making it much more applicable with a 
straight-through mechanical drive. 


Without doubt, the greatest use of 
the gas turbine engine is in the field of 
aircraft. The turbojet has completely 
outmoded the I. C. engine in high speed 
aircraft and the turboprop has much use 
at more moderate speeds. Speeds in flight 
of over 1,500 mph, unheard of before 
the development of the propulsion gas 
turbine, are now reached. 


The fuel consumption of an I. C. en- 
gine is on a much more economical basis 
than in a gas turbine. This would be 
expected with the high thermal losses 
encountered in gas turbines. 

Summing up the advantages of each 
type of engine, we find a much better 
heat utilization in I. C. engines, more 
economical fuel consumption, less expen- 
sive to produce, smaller in size than 
when a lower power requirement is 
necessary, and less noise operation than 
a gas turbine engine. On the other hand, 
when a large power output is needed 
with relatively good efficiency, adapta- 
tion to hot water, hot air or steam, or 
a minimum of vibration, the gas turbine 
engine is superior to the internal com- 
bustion engine. Also, we have less me- 
chanical friction, less power draw from 
auxiliary equipment, easier starting, the 
use of a cheaper grade of fuel, and 
straight-through power application with- 
out the use of a transmission. 

In some ways, therefore, the gas tur- 
bine as a machine is superior to the in- 
ternal combustion engine; however, use- 
wise it all boils down to the particular 
application. It is very doubtful that the 
gas turbine will ever replace the internal 
combustion engine as a power unit for 
lawn mowers, cement mixers, small ca- 
pacity pumps, outboard motors, ete. 
However, in large scale power require- 
ments, such as railroad, marine and high- 
speed aircraft, it is far superior. 


BIBLIOGRAPHY 
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Mechanical Engineering Thermodynamics, 
by David A. Mooney. 
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ENGINEERS...LOOK 
TEN YEARS AHEAD! 


A Douglas engineer lives here 


Will your income and location 
allow you to live in a home jj 
like this...soend your ~ 


They can...if you 
start your Douglas 
career now! 


Your objectives are probably high professional standing, good income, 
good security and good living. All four can be achieved at Douglas. 
Douglas has the reputation of being an “engineer’s outfit,” with the 
three top administrative posts being held by engineers. Maybe that’s 
why it’s the biggest, most successful unit in its field. Certainly it offers 
the engineer unexcelled opportunities in the specialty of his choice 
... be it related to missiles or commercial or military aircraft. 
You’ve looked around. Now look ahead... and contact Douglas. 


Brochures and employment applications are available at your college placement office. 
For further information about opportunities with Douglas in Santa 
Monica, El Segundo and Long Beach, California and Tulsa, Oklahoma, 


write today to: 


DOUGLAS AIRCRAFT COMPANY, INC. 
C. C. LaVene, Box 6101-Q, 3000 Ocean Park Blvd., Santa Monica, Calif. 


DOUGLAS. 


First in Aviation 


hes) 
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FOR YOUR INFORMATION 


> nylon milk bottles 


> farming fish 


> paper coating 


Nylon milk bottles 


When you’re looking to labora- 
tory-stage plastics for new 
developments, it is somewhat 
startling to realize that a new 
raw material has come from 
one of the better established 
plastics, nylon. 

For nylon—first a synthetic 
fiber and more recently a new 
molding compound—is now ex- 
trudable as well. The extrusion 
industry can, for the first time, 
utilize PLaskKon nylon’ with 
standard equipment and stand- 
ard techniques. 

The import of this develop- 
ment is underlined by the 
products made possible. Tough, 
transparent milk bottles and 
packaging films. Strong, steri- 
lizable baby bottles and 
aerosol bombs. Flexible, high- 
burst-strength lubricating sys- 
tems and speedometer cables. 
Abrasion-resistant wire cover- 
ing and automotive scuff pads. 

A 5 mil extruded sheet, for 
example, is remarkably tough 


and transparent. Other impres- 
sive properties are high impact 
resistance over a wide tempera- 
ture range, good chemical re- 
sistance, ease of colorability 
with a penetrating dye or by 
pigmentation of pellets. 


Several grades of PLAskon 
nylon — polycaprolactam-type — 
generally known as “nylon 6” 
—are available for extrusion: 
Piaskon 8201 for general pur- 
pose extrusion; a heat-stabilized 
form for high temperature and 
wire covering applications; 
special high viscosity and flexi- 
ble grades. 


Farming fish 
We were going to say, “Don’t 
forget to give your fish their 
fertilizer this year.” 

What we mean is this: don’t 
forget to give your algae their 
fertilizer this year. Well-ferti- 


lized algae make better meals 
for plankton, which make better 
food for insects, upon which 
feed small fish, which in turn 


end up on the menus of large 
fish. 


You can improve fishing 
within a single year by apply- 
ing plant food to ponds. Fish 
in fertilized ponds can become 
five times larger, both fatter 
and longer. 

Applying the fertilizer is al- 


PLaskon and ARcapIAN are Allied Chemical 
trademarks, 


llied 


hemical 


Barrett . 
General Chemical 
National Aniline 
DIVISIONS Nitrogen 

Semet Solvay 


Solvay Process 
International 


most as easy as pulling the fish 
out on the end of a line. You 
can either spread it from the 
side. of a boat or, on larger 
ponds, use the newest tech- 
niques of aerial application. 
Free-flowing ARcADIAN  ferti- 
lizers can be quickly and easily 
spread on a pond by conven- 
tional dusting planes. 

The best fertilizers for fish 
ponds have a high nitrogen 
analysis. Their nitrogen-phos- 
phorus-potash (N-P-K) ratio 
should be at least 2-2-1 or 1-1-1. 
Like Arcapian 12-12-12, 


Paper coating 


A key problem in coating paper 
on today’s fast machine coaters 
is viscosity control. The aim: 
to increase total solids content 
(for better coating) without 
increasing viscosity. 

Experimental data prepared 
by the Nitrogen Division re- 
search group indicate that small 
amounts of urea give large vis- 
cosity reductions and drastical- 
ly lower the rate of viscosity in- 
crease on standing. Urea also 
lowers thixotropic index and 
permits use of adhesive disper- 
sions with higher solids content. 

A paper titled “Viscosity 
Control of Paper Coating Ad- 
hesives” contains 15 substan- 
tiating graphs. We’d be pleased 
to send a copy. 


Creative Research 


These examples of product de- 
velopment work are illustrative 
of some of Allied Chemical’s 
research activities and oppor- 
tunities. Allied divisions offer 
rewarding careers in many dif- 
ferent areas of chemical research 
and development. 


ALLIED CHEMICAL 
61 Broadway, New York 6, N.Y. 
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Graduates in engineering, physics, 


applied math., allied sciences: 


You can do much better 


than a “standard” career today! 


Careers, like cars, come in various models. And now- 
adays such things as security, adequate compensation, 
vacations-with-pay are not ‘‘extras’’ any more—they’re 
just ‘‘standard equipment’’! 


As an individual, 
you decide whether 
you want white wall 
tires or maybe a 
sportscar. You 
should do no less 
in choosing where 
you want to work. 
At North American, 
fringe benefits are 
second-to-none; 
but you can get 
much more than that. Such extras as creative work, 
advanced technology, latest facilities to implement 
your work—these all add up to rewards an ordinary 
job cannot give. You'll work with men of high profes- 
sional standing. Your personal contribution will earn 
quick recognition. 


MISSILE DEVELOPMENT 


It will be worth your while personally, as well as 
financially, to find out about the extras that go with 
a position in any of these four pioneering fields. 


MISSILE DEVELOPMENT ENGINEERING 

The SM-64 Navaho Intercontinental Missile is only one 
of the projects here. You can well imagine the exacting 
standards of the 
work, the quality of 
the facilities, the 
caliber of the men. 
Here you will deal 
with speeds well 
up into multiple 
Mach numbers, 
encountering phe- 
nomena that were 
only being guessed She 
at a few years ago. ae 


i ES 
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AUTONETICS DIVISION—Automatic Controls Man Has 
Never Built Before. 


NORTH A 


MAY, 1957 


The techniques 
of Electro-mechan- 
ical Engineering 
_reach their ulti- 
/ mate efficiency in 
their application to 
| missile guidance 
systems, fire and 
flight control sys- 
tems, computers 
and recorders. You 
will explore, study, 
test, develop and produce apparatus that can extend 
or supersede the human nervous system. 


ROCKETDYNE DIVISION — Builders of Power for Outer 
Space. 

If you like challenging work, the large liquid-propel- 
lant rocket engine is your field. This Division operates 
the biggest rocket engine workshop in the Free World: 
the Rocketdyne 
Field Test Labora- 
tory in the Santa 
Susana Mountains. 
The engineers and 
scientists say they 
meet more differ- 
ent phases of work 
in a week here than 
in a year of ‘‘con- 
ventional”’ practice. 


Bie eas 


ATOMICS INTERNATIONAL 


ROCKETDYNE 


ATOMICS INTERNATIONAL — Pioneers in the Creative 
Use of the Atom. 

At this Division you will see a new industrial era tak- 
ing shape, and play your part in putting the peaceful 
atom to work for mankind. Nuclear Reactors of various 
kinds, for both power and research applications, are 
designed and delivered to order by Atomics Interna- 
tional. With many ‘“‘firsts’’ to their credit, these dedi- 
cated men continue to spearhead the progress in this 
exacting field. 

For more information write: College Relations Repre- 
sentative Mr. J. J. Kimbark, Dept. 991-20 Col., North 
American Aviation, Inc., Downey, Calif. 
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TECHNOCLIPS 


Award Winners 


This being the last issue of Technograph for this aca- 
demic year, it’s time to announce our award winners. Every 
year, T'echnograph gives $25 to the authors of the best staff 
written and non-staff written articles. 

This year’s best staff article, chosen from all submitted 
from October to April with the exception of articles by edi- 
tor Harry Hirsch and Jim Kries, associate editor, is “Illiac 
—the Machine That Shows 101011 — 42 and Proves It!” 
by Frank Hunyady, M.E. ’59. Frank’s article appeared in 
the March issue and dealt with the darling of Illinois digi- 
tal computers, our own IlIliac. This article gave some of the 
details behind the operations of this high-speed computer. 
Frank has been on the staff for two years doing photographic 
and writing work. We hope Frank will stick around to add 
to his laurels next year and the one after next. 

Our best non-staff article was “Dr. Theodore Von Kar- 
man—Aeronautical Genius” written by Robert C. Ohm, 
Aero E, ’57. Bob’s biography was originally written as a 
senior seminar report, which he then turned in to the T'ech- 
nograph. So latch on, engineers, your seminar reports can 


make you money! 
PE 


We Need More Brainteasers 


You may have noticed that over the past year, the Brain- 
teaser column has appeared with a certain amount of irregu- 
larity, and variable quantity of material. The problems for 
this column, as you may have guessed by now, are stolen. 
Not only are they stolen, but they are stolen from other en- 
gineering magazines. The people on our staff just don’t have 
enough time to even attempt to get their own problems done, 
work on the magazine, and still dream up some extra prob- 
lems for you to work out in your spare time. 

Remember, engineers, this is the UI student engineering 
magazine. The things that appear between its covers are sup- 
posed to be a product of our endeavors. Too often, our copy 
has been produced by only 10 or 15 loyal staff members. 
When this handful of people produces eight issues in a year, 
you can imagine how hard it becomes to produce original 
material. We can always use more people, but you hard- 
working engineers can contribute to the magazine at infre- 
quent intervals right from your desks. 

Certainly there must be some of you who have favorite 
math or logic problems, which you would like to let the 
whole student body know about. 

In the fall, we will see how able you are to keep the 
Brainteaser column filled with material designed to twist 
your classmates’ brains. If you would like, we can make a con- 
test out of the column, whereby the person who replies with 
the correct answer the fastest would receive recognition, and 
an award. 

Let us know how you feel about the Brainteaser column 
by writing us a letter. The address is Illinois Technograph, 
215 Civil Engineering Hall, Urbana, Ill. You can be 
assured that your letter will be read and fully considered 
by our editorial staff. Send along any problems you would 
like to have appear in subsequent issues and look for the 
complete story of the Brainteaser column in the October 
issue. By all means, don’t confine your comments to Brain- 
teasers, but let us know what you think should be done with 
the magazine to improve it. Until October then, so long. 
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April Brainteaser Answers 


1. White was not highest, as his card was lower than 
another. Black was not highest, as his partner had a choice. 
Brown was not highest, since he was right-handed, and the 
choice of cards fell to a left-handed man. Hence, Green 
drew highest card. Green was not White’s partner, and 
Brown was not White’s partner. Therefore Green and 
Brown were partners against White and Black, with Brown 
at White’s left. Black drew the lowest card, since White 
had the choice for his side. 

2. In the case of the skaters, anyone knows that a sys- 
tem which is not acted upon by any external forces main- 
tains the same point as centroid at all time. Hence as the 
skaters separate, the centroid is still at the center of the 
pond. Of course when the ball is thrown the centroid of 
the system will rise when the ball rises, and fall when the 
ball falls, but if: no external forces act on the system the 
skaters must sink down through the ice as the ball rises, and 
return upward as the ball falls. But this would be a ridicu- 
lous situation, hence we conclude, like Newton, that we 
have discovered the law of gravity. This too is an external 
force and must therefore be neglected. Hence everything 
will move on the same straight line along which the original 
force was exerted. 

3. The stick is first broken into two pieces. Of this there 
is no doubt and the probabily is unity, or one in one. One 
of the pieces must now be broken in two to yield the re- 
quired three pieces. It is assumed that the original fracture 
was not at the center, so that there resulted two unequal 
lengths. If the shorter of the two is now broken, a triangle 
is impossible to form since the two pieces are now greater 
than the third. Therefore, it can be seen that the only way 
in which a triangle is possible is if the longer of the original 
two is broken. The probability that the longer will be 
chosen for the second break is one in two or one-half. The 
answer is therefore one-half. 
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Help Wanted! 


The Technograph needs men and 
women interested in gaining experi- 
ence in: 


@ BUSINESS PROCEDURES 
WRITING 
MAKE-UP 
ILLUSTRATIONS 
ADVERTISING 
PROMOTION 


_ Apply at: 
THE TECHNOGRAPH OFFICE 


213 Civil Engineering Hall 


THE TECHNOGRAPH 
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